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SUMMARY OF THE PROCEEDINGS OF THE 
SIXTEENTH ANNUAL MEETING. 


AttanTIc City, N. J., JUNE 24-28, 1913. 


THe SIXTEENTH ANNUAL MEETING OF THE AMERICAN 
SocrETY FOR TESTING MATERIALS was held at the Hotel Tray- 


more, Atlantic City, N. J., on June 24-28, 1913. 


The total 


registered attendance at the meeting, including 85 ladies and 


49 guests, was 477. 


The following members were present or represented at the 


meeting: 
A 


Abraham, Herbert, 
Ralph L. Shainwald, Jr. 
Aertsen, Guilliaem. 
Aiken, W. A. 
Ajax Metal Company, 
G. H. Clamer. 
Akin, Thomas R. 
Allen, A. W. 
Allen, Irving C. 
Aluminate Patents Company, 
E. L. Conwell. 
American Brass Company, 
W. H. Bassett. 
American Bridge Company, 
C. G. E. Larsson. 
American Electric Railway Engineer- 
ing Association, 
Norman Litchfield. 
American Foundrymen’s Association, 
Richard Moldenke. 
American Locomotive Company, 
S. V. Hunnings. 
American Steel and Wire Company, 
Edwin H. Peirce. 
American Vulcanized Fibre Com- 
pany, 
Charles Almy, Jr. 


Anderson, Louis, Jr. 
Armstrong, T. P. 
Ashton, Ernest. 


Backert, A. O. 
(Iron Trade Review). 

Bacon, Charles V. 

Baldwin Locomotive Works, The. 
H. V. Wille. 

Barbey, Jacob W. 

Barrett Manufacturing Company, 
W. S. Babcock 

Barrier, Edward A. 

Bates, P. H. 

Bausch and Lomb Optical Company, 
H. E. Howe. 

Baxter, Florus R. 

Beale, Horace A., Jr. 

Berry, H. C. 

Bethlehem Steel Company, 
E. O'C. Acker. 

Birkinbine, John. 

Blackburn, W. T, 

Blackmer, L. G. 

Blair, Will P. 

Blakeley, Abraham G. 

Bleininger, A. V. 
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Boughton, Everett W. 
Boyer, E. D. 
Boylston, H. M. 
Boynton, C. W. 
Boynton, Henry C. 
Bragg, C. T. 
Braine, L. F. 
Brobston, Joseph. 
Brown, John G. 
Browne, D. B. 
Browne, Vere. 
Brunner, John. 


Bureau of Construction and Repair, 


U.S.N., 
Emory Scott Land. 


Bureau of Steam Engineering, U. 


S.N., 
Gustav Kaemmerling. 
Burgess, Charles F. 
Burrows, Charles W. 


Cain, John R. 
Calumet Steel Company, 
A. S. Hook. 
Cambria Steel Company, 
E. F. Kenney. 
Camden Forge Company, 
W. D. Kerlin. 
Campbell, William. 
Capp, John A. 
Carnegie Institute, The, 
Francis Michael McCullough. 
Carnegie Steel Company, 
C. F. W. Rys. 
Carpenter, Rolla C. 
Carpenter Steel Company, The, 
J. H. Parker. 
Carter Iron Company, 
R. A. Carter. 
Central Iron and Steel Company, 
Robert H. Irons. 
Chamberlain, G. D. 
Charls, G. H., 
G. F. Ahibrandt. 
Christie, Alexander J. 
Churchill, Charles S. 


Cobb, Ernest B. 
Coe, Robert. 
Cohen, A. B. 
Colby, J. A. 
Colorado Fuel and Iron Company, 
Jacob Cambier. 
Compressed Gas Manufacturers 
Association, 
H. E. Sturcke. 
Conard, W. R. 
Condit, E. A., Jr. 
Conn, Charles F. 
Conradson, P. H. 
Consolidated Rosendale Cement 
Company, 
William C. Morton. 
Cook, Oscar W. 
Corse, W. M. 
Cowan, William A. 
Cromwell, O. C. 
Cushman, Allerton S. 


Dalton, P. J. 
Dannerth, Frederic. 
Davis, Nathan H. 
De Knight, Edward W. 
Devries, Ralph P. 
Dewey, Bradley. 
Diller, H. E. 
Dixon Crucible Company, 
Joseph, 
Malcolm McNaughton. 
Douty, D. E. 
Drew, Harry. 
Dunn, B. W. 
Dunn, F. B. . 
Dunn, W. R. 


Eastern Steel Company, 
Walter S. Merkel. 
Edgerly, Daniel W. 
Emley, Warren E. 
Engineering Record, 
E. J. Mehren. 
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Enright, Bernard. 
Epstein, Harry M. 
Evans, S. M., 

J. A. Schaeffer. 


F 


Ferguson, Lewis R. 
Fireman, Peter. 
Fleming, William R. 
Force, H. J. 
Forrest, C. N. 
Fowler, George L. 
Frankfurter, P. W. 
Franklin Manufacturing Company, 
H. 
J. H. Nead. 
Franklin Steel Company, 
Edward E. Hughes. 
Froehling and Robertson, 
Henry C. Froehling. 
Fulweiler, W. Herbert. 


Gaines, Richard H. 
Gano, William P. 
Gardner, Henry A. 
General Electric Company, 
J. A. Capp. 
General Motors Company, 
K. W. Zimmerschied. 
Gibboney, James H. 
Gibbs, A. W. 
Gifford, A. McK., 
F. C. Woodside. 
Glasgow Iron Company, 
James P. Roe. 
Godley, George McM. 
Goldbeck, Albert T. 
Goodell, John M. 
Gould, W. S. 
Greene, Hermann L. 
Greenman, Russell S. 
Gregory, E. D. 
Griffith, R. E. 
Griswold, H. C. 
Gulick, Henry, Jr. 


Gutta Percha and Rubber Manu- 
facturing Company, The, 
W. E. Campbell. 


H 
Hall, Ellis B. 
Hall, John H. 
Hamburger, Samuel. 
Harding, W. H. 
Hartranft Cement Company, Wil- 
liam G., 

William G. Hartranft. 
Hartwell, Stephen Warren. 
Hartzell, H. S. 

Hatt, William K. 

Hay, J. T. 

Heath, A. M. 

Heckel, G. B. 
Hemstreet, George P. 
Henry, John A. 
Hibbard, Henry D. 
Hilles, Raymond W. 
Holst, J. L. 

Hooker, A. H. 
Hopkins, George A. 
Howard, L. E. 
Humphrey, Richard L. 
Hunnings, S. V. 

Hunt and Company, Robert W., 

Robert W. Hunt. 


Ickes, Elwood T. 
Illinois Steel Company, 
P. E. Carhart. 
Ingalls, F. P. 
Iron Age, The, 
A. I. Findley. 


J 
Jeffers, John M. 
Job, Robert. 
Johnson, Arthur M. 
Jones and Laughlin Steel Company, 
Jesse J. Shuman. 
Joseph, J. G., 
W. H. Woodcock. 
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K McDonnell, M. E. 
Karr, C. P. McLeod, Norman C, 
Kelley, F. W. McNaugher, D. W. 
Kenney, E. F. Meade, Richard K. 


Kenney, Lewis Hobart. 
Kershaw, William H. 
Kiefer, H. E. 

Kinney, William M. 
Koch, George B. 

Kohr, D. A. 


L 


Lanza, Gaetano. 

Larned, E. S. 

Larsson, C. G. E. 

Lawson, Thomas R. 

Leech, J. O. 

Lehigh Valley Railroad Company, 
Stewart E. Printz. 

Lesley, Robert W. 

Lewis, Archer W. 

Light, Charles P. 

Linder, Oscar. 
Little, Incorporated, A. D., 
Hervey J. Skinner. 

Lober, J. B. 

Lowe Brothers Company, The, 
D. A. Kohr. 

Loweth, Charles F. 

Lucas and Company, John, 
Leo P. Nemzek. - 

Lunn, Charles A. 

Lynch, T. D. 


MacFarland, H. B. 

Mackenzie, Kenneth Gerard. 

Macnichol, Charles. 

MacPherran, R. S. 

Marburg, Edgar. 

Marsh, C. P. 

Marston, A. 

Masters, Frank M. 

Masury and Son, John W., 
F. P. Ingalls. 

McCready, Ernest B. 


Metal Industry, The, 
L. J. Krom. 
Midvale Steel Company, 
G. Aertsen. 
Miner, Joshua L. 
Missouri Pacific Railway Company, 
O. F. Reynolds. 
Moisseff, Leon S. 
Moldenke, Richard. 
Morrow, James G. 
Moyer, Albert. 
Myers, J. E. 


National Tube Company, 
Frank N. Speller. 

Nead, J. H. 

Neal, C. S. 

New Jersey Zinc Company, 

Gilbert Rigg. 

New York Central and Hudson 
River Railroad Company, Eng. 
Dept., 

A. W. Carpenter. 

Norris, George L. 


Olsen, Thorsten Y. 

Onderdonk, J. R. 

Ormsbee, J. Mason. 

Orton, Edward, Jr. 

Otis Elevator Company, 
Myron Park Davis, 2d. 

Owen, James. 


P 


Page, Logan Waller. 
Page, W. Marshall. 
Parmelee, Cullen W. 
Pease, Burton H. 

Peffer, George Whitesell. 
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Peirce, Edwin H. Ss 
Pennsylvania Steel Company, The, Sabin, A. H. 
Frank A. Robbins, Je. Schaeffer, John A. 
Perfection Spring Company, Scofield, H. H. 
Z. B. Leonard. Seaman, Harry J. 
Petinot, N. G. Sharples, Philip P. 
Pickard, Glenn H. Shelley, Henry T. 
Pittsburgh Testing Laboratory, Shore, Albert F. 
Joshua L. Miner. Shuman, Jesse J. 
Polk, Anderson. Skinner, C. E. 
Pope, George S. Skinner, Hervey J. 
Potts, Stephen C. Slater, W. A. 
Powers, W. A. Slocum, Frank S. 
Pressed Steel Car Company, Smith, E. B. 
H. J. Gearhart. Smith, H. E. 
Price, William B. Smither, F. W. 
Provost, Andrew J., Jr. Snow, J. P. 
Spackman Engineering Company, 
Henry S., 
R Henry S. Spackman., 
Ramage, J. C. Spencer, Herbert. 
Randall, Theodore A. Standard Steel Works Company, 
Reading Iron Company, A. A. Stevenson. 
George Schuhman. Stevenson, A. A. 
Reinke, W. B. Stone, George C. 
Remington Arms and Ammunition Stoughton, Bradley. 
- Company,’ Stratton, S. W. 
Nathan A. Chase. Studebaker Corporation, 
Reninger, Henry A. Fred M. Zeder. 
Rich, Charles H. Sturcke, H. E. 
Rigg, Ernest H. Swett, Bertram L. 
Rigg, Gilbert. 
Rights, Lewis D. T 
Rinald, C. D. Talbot, Arthur N. 
Ritter, Daniel E. Taylor, Knox. 
Robertson, H. H. Testing Laboratory, City of St. 
Robinson, A. F. Louis, 
Rock Products, Mont Schuyler. 
Fred K. Irvine. Thomas, L. E. 


Roebling’s Sons Company, John A., 
H. J. Horne. 

Rogers, R. E. 

Rome Merchant Iron Mill, 
Weston Jenkins, Jr. 

Royle and Sons, John, 
Vernon E. Royle. 

Rys, C. F. W. 


Thompson, Gustave, W. 
Thompson, Sanford E. 
Tiemann, Hugh P. 
Tilt, Edwin B. 
Tinsley, John F. 
Titanium-Alloy Manufacturing Com- 
pany, The, 
N. G. Petinot. 
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Trautwine, John C., Jr. 

Tretch, William J. 

Tyler Company, W. S., 
Guy A. Disbro. 


U 


Uhler, J. Lloyd. 

Unger, J. S. 

United Gas Improvement Company, 
W. Herbert Fulweiler. 


Vv 


Van Gundy, C. P. 
Veitch, F. P. 

Voorhees, S. S. 
Vredenburgh, Watson, Jr. 


Ww 


Wagner, Samuel Tobias. 

Walker, Percy H. 

Walker, William H. 

Waring, F. M. 

Warner, Charles. 

Warwick, C. Laurence. 

Webert, Louis P. 

Webster, George S. 

Webster, William R. 

Wells, Walter F., 
G. L. Knight. 

Western Electric Company, 
Oscar Linder. 

Westinghouse Air Brake Company, 
Harry C. Loudenbeck. 

Westinghouse, Church, Kerr and 
_ Company, 
Cloyd M. Chapman. 


Westinghouse Electric and Manufac- 
turing Company, 
T. D. Lynch. 
Weymouth, Frederick A. 
White, G. D. 
Wickhorst, Max H. 
Wig, Rudolph H. 
Wight, Frank C. 
(Engineering News). 
Wilhelm Company, The A., 
Walter S. Davis. 
Wille, H. V. 
Wilson, Percy H. 
Winchester Repeating Arms Com- 
pany, 
L. Penney. 
Wood Iron and Steel Company, Alan, 
Charles H. Rich. 
Woodroffe, G. H. 
Worth Brothers Company, 
James L. Hughes. 


Y 


Yellow Pine Manufacturers’ Asso- 
ciation, 
A. T. North. 
Young, C. D. 
Young, J. Bertram. 
Youngstown Sheet and Tube Com- 
pany, 
E. T. McCleary. 


z 


Zeleny, Frank. 
Zimmerschied, K. W. 


Total number, 343; attendance, not including companies, 
etc., whose representatives also hold membership in their own 
name, 318. 


| 
) 
) 
| 


SUMMARY OF PROCEEDINGS. 15 


First SESSION.—TUESDAY, JUNE 24, 11 A. M. 


President Robert W. Hunt in the chair. | 

The minutes of the Fifteenth Annual Meeting were approved 
as printed. 

The annual report of the Executive Committee was adopted 
as printed. That report contained the following proposal 
relating to the amendment of the by-laws:! 


“Proposed Amendment of the By-Laws.—It is recom- 
mended that Sec. 5, Art II, of the by-laws, which was 
inserted last year to serve a temporary need, be stricken 
out. The section in question reads as follows: 

“Sec. 5. The officers and members of the Executive Committee 
to hold office under these by-laws shall be as follows: 

“To hold office for one year:—the President elected this year (1912), 
the Second Vice-President, to be appointed by the Executive Com- 
mittee, and the following members of the present Executive Committee: 


W. A. Bostwick, Robert W. Hunt, Richard Moldenke and William R. 
Webster. 


“To hold office for two years:—The First Vice-President elected 
this year (1912), the Secretary-Treasurer elected this year (1912), the 
three members of the Executive Committee élected this year (1912), and 
a fourth member to be appointed by the Executive Committee.” 


In the absence of Mr. J. A. Holmes, Chairman of Com- 
mittee D-5 on Standard Specifications for Coal, the report of 
that committee was presented by Mr. George S. Pope, Secretary. 

The Chair announced that at the request of Committee 
D-11 on Standard Specifications for Rubber Products, the 
presentation of the report of that committee would be deferred 
until a later session. 

The report of Committee E-5 on Rules Governing the Form 
but not the Substance of Specifications, was presented by Mr. 
Edgar Marburg, Chairman. 

Mr. R. J. Wig moved that all reports and recommendations 
of Committee E-5 affecting the form of specifications be sub- 
mitted to letter ballot of the Society in the same manner as 
prescribed in Sec. 1, Art IV, of the by-laws, defining the pro- 
cedure governing the adoption of standard specifications, and 
that the provisions of this motion be made retroactive and 


1This amendment was adopted by letter ballot of the Society on August 25, 1913.—Eb. 
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16 SUMMARY OF PROCEEDINGS. 


applicable to the existing regulations governing the form but not 
the substance of specifications. After some discussion this motion 
was put to vote and lost. 

The report of Committee E-6 on Papers was presented by 
Mr. Edgar Marburg, Chairman. 

Mr. R. J. Wig moved that the Executive Committee pro- 
vide rules so that hereafter no reports of committees shall be 
received by the Society unless a statement is appended showing 
that all members of the committee have had an opportunity of 
considering such reports and showing their approval or dis- 
approval; this statement to be published with the report. 

After some discussion Mr. G. W. Thompson moved as an 
amendment to this motion that the matter be referred to the 
Executive Committee without limitation. This amendment 
was seconded and the motion as thus amended was adopted. 

The Chair announced that the tellers, Mr. J. H. 
Gibboney and Mr. S. V. Hunnings, who had been appointed by 
the Chair to canvass the vote on the election of officers and 
members of the Executive Committee, had reported that 320 
legal ballots had been cast; and in accordance with their report 
the Chair declared the election of Mr. Arthur N. Talbot, Pres- 
ident; Mr. Richard Moldenke, Vice-President; Mr. W. H. 
Bixby, Mr. John Brunner, Mr. F. H. Clark and Mr. Albert 
Sauveur, members of the Executive Committee. 

Mr. R. J. Wig introduced the following motion on behalf 
of 32 members of the Society: 

“Tt is moved that the following proposed amendment 
to Sec. 9, Art II, of the by-laws of the Society be referred 
to the Executive Committee for their consideration, and 
that it be subsequently referred to the Society prior to 
February 1, 1914, with such suggested amendments as will 
result in a democratic method of administration of the 
affairs of the Society, to be voted upon at the next annual 
meeting. 

“Strike out: 


“Sec. 9. The election of officers and members of the Executive 
Committee shall be by letter ballot. The Executive Committee, before 
each annual meeting, shall appoint a Nominating Committee, whose 
duty it shall be to nominate a full list of officers. The list of nomina- 
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tions so made shall be submitted to the membership not more than eight 
(8) nor less than four (4) weeks before the coming annual meeting. 


“Substitute: 


“The Secretary shall send at least twelve weeks before the annual 
meeting, to all active members of the Society, a blank nominating ballot 
indicating the officers to be elected and the vacancies to be filled. Each 
member is to nominate one candidate for each office or vacancy to be 
filled. These nominating ballots must be returned and received by 
the Secretary not later than nine weeks prior to the annual meeting. 
The President shall appoint a canvassing committee of thiee members 
to count the ballots and certify to the Secretary the names of the 
candidates receiving the two highest number of votes received by each. 
The Secretary shall send to all active members, six weeks prior to the 
annual meeting, election ballots containing the names of the candidates 
certified by the canvassing committee together with the number of votes 
received by each. The members of the Society shall vote only for the 
candidates on the official ballot. The poll shall be closed and the ballots 
counted at the business session of the annual meeting. Those receiving 
the highest number of votes shall be declared elected. In case of a tie 
vote, the deciding vote shall be cast by the presiding officer.” ~ 


Mr. Robert W. Lesley moved as an amendment to this 
raotion that the words 


“and that it be subsequently referred to the Society prior 
to February 1, 1914, with such suggested amendments as 
will result in a democratic method of administration of the 
affairs of the Society, to be voted upon at the next annual 
meeting.”’, 


be stricken out. This motion was seconded. 

Mr. Wig declined to accept the amendment. 

Mr. D. E. Douty raised the point of order that a motion 
to amend the by-laws is not subject to amendment, in which he 
was not sustained by the Chair. 

The Chair then ruled the original motion out of order, as 
failing to comply with the provisions governing amendments in 
Sec. 1, Art. VI, of the by-laws. 

The Secretary moved: 


“That the Executive Committee be requested to draw 
up, if in its judgment it is desirable to do so, proposed 


. 


| 
| 
| 
| 
1 
7 
‘ 
- 
ion 
| 
i 


18 SUMMARY OF PROCEEDINGS. 


amendments to the by-laws by which the scheme of nomina- 
tion of officers would be made such that the membership at 
large may participate individually, directly or indirectly, 
in these nominations, and that the report of the Executive 
Committee in this matter be made not later than February 
1, 1914.” 


This motion was carried. 
The meeting then adjourned till 3 p. m. 


SECOND SESSION.—TUESDAY, JUNE 24, 3 P. M. 


On Preservative Coatings. 


President Robert W. Hunt in the chair. 

The report of Committee D-1 on Preservative Coatings for 
Structural Materials was presented by Mr. P. H. Walker, Chair- 
man. On motion of Mr. Walker the proposed Standard Specifi- 
cations for the Purity of Raw Linseed Oil from North American 
Seed were referred to letter ballot of the Society with the follow- 
ing amendments: 


1. Introduce the word ‘‘or” between the two references 
to specific gravity in Section 1. Change the maximum limit 
for the saponification number from the original figure, 
192,” to “195.” 

2. Change the paragraph on “Specific Gravity,” Section 
2, from the original form, namely: 

“Use a pyknometer, accurately standardized and having a capacity 


of at least 25 cc., making a test of 15°.5 C., water being 1 at 15°.5 C. 
and another test at 25° C., water being 1 at 25° C.” 


to the following form: 


“Use a pyknometer, accurately standardized and having a capacity 
of at least 25 cc., or any other equally accurate method, making a test 
at 15° C., water being 1 at 15°.5 C., or a test at 25° C., water being 
° ” ” 
1 at 25°C 
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3. Change the paragraph on “Refractive Index”, 
Section 2, from the original form, namely: 


“Using Abbé Refractometer at 25° C.” 


to the following form: 


“Use a properly standardized Abbé Refractometer at 25° C., or 
any other equally accurate instrument.” 


The proposed Standard Definitions of Terms used in Paint 
Specifications were on motion of Mr. Walker referred to letter 
ballot of the Society.' 

In connection with the discussion of this report Mr. C. D. 
Rinald offered the following motion: 


“That all members of the American Society for Test- 
ing Materials, either firms or individuals, who by their 
contribution of material shall make possible the conduct 
of tests that may have been decided upon by a committee 
or sub-committee, shall thereby become non-voting members 
of such committees. They shall be notified in advance of 
all meetings and inspection of such committees at which 
they may have their representatives, and they shall also 
receive all information furnished to members of such com- 
mittees. Nobody connected either directly or indirectly 
with contributing firms or individuals shall be allowed to 
vote on competing articles.” 


The Chair in putting this motion stated that he would 
do so with the understanding that according to the usual proce- 
dure the motion would be referred with power to the Executive 
Committee. The motion was carried. 

Mr. G. W. Thompson, Secretary of Committee D-1, read 
a letter from Aessrs. Smith, Emery & Co., members of. the 
Society, in criticism of the proposed Standard Specifications for 
the Purity of Raw Linseed Oil from North American Seed. 
The Secretary moved that this communciation be referred to 
Committee D-1 with the request that it be given due considera- 


1 Since some of these definitions do not comply with the requirements in the Regulations - 
Governing Technical Committees, that proposed standard definitions shall be printed in the 
Proceedings for at least one year before being referred to the Society for adoption, these defini- 
tions have not been sent out to letter ballot —Eb. 
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tion at the next meeting of that committee. The motion was 
carried. 

The report of Committee D-2 on Standard Tests for Lubri- 
cants was presented, in the absence of Mr. A. H. Gill, Chairman, 
by Mr. I. C. Allen, a member of the committee. Mr. Allen 
stated on behalf of himself and Mr. J. M. Jeffers, Secretary of 
the committee, that there was considerable opposition both as 
to the substance and the wording of the report of the committee, 
and moved that it be referred back to the committee for further 
consideration. 

The Chair ruled that under the circumstances stated 
by Mr. Allen the report would be referred back to the committee 
without calling for a vote on Mr. Allen’s motion. 

The following papers were then presented and discussed: 

“Tests on the Rate of Corrosion of Metals,” by Mr. A. W. 
Carpenter. 

“Testing of Chinese Wood Oil,” by Mr. E. W. Boughton. 

“Outline of a Test for Indicating the Relative Priming and 
Top-Coat Values of Different Paints,” by Mr. M. McNaughton. 

The meeting then adjourned till 8 p. m. 


THIRD SESSION.—TUESDAY, JUNE 24, 8 P. M. 


On Steel. 


Vice-President A. W. Gibbs in the chair. 

The Annual Presidential Address entitled ‘Application of 
Specifications” was presented by the retiring President, Mr. 
Robert W. Hunt. 

The report of Committee A-4 on Heat Treatment of Iron 
and Steel was presented, in the absence of Mr. Albert Sauveur, 
Chairman, by Mr. John H. Hall, Secretary of the committee. 

The following three papers relating to the heat treatment of 
steel were then presented and discussed jointly: 

“Effect of Size of Section on Physical Properties Developed 
by Heat Treatment,” by Mr. J. H. Nead. 

“Influence of Mass in the Heat Treatment of Steel,” by Mr. 
K. W. Zimmerschied. 


, 
| 


SUMMARY OF PROCEEDINGS. 21 


“Heat Treatment of Hypo-Eutectoid Carbon-Steel Cast- 
ings,” by Mr. J. H. Hall. 
The meeting then adjourned till the following morning. 


FourTH SESSION.--WEDNESDAY, JUNE 25, 10 A. M. 


On Steel. 


President Robert W. Hunt in the chair. 

Mr. W. K. Hatt presented a “Condensed Report of the 
Investigation of Reinforcing Bars Rerolled from Steel Rails,” 
conducted under instructions from Sub-Committee V of Com- 
mittee A-1 on Standard Specifications for Steel. 

On motion of Mr. A. A. Stevenson the value of Mr. Hatt’s 
investigation and report was recognized by a vote of thanks. 

The report of Committee A-1 on Standard Specifications 
for Steel was presented, on invitation of Mr. W. R. Webster, 
Chairman, by Mr. A. A. Stevenson, Vice-Chairman of the Com- 
mittee. 

The action on this report may be summarized as follows: 


The following changes in addition to those recommended 
in the report were authorized in the proposed revised Specifi- 
cations for Lap-Welded and Seamless Steel Boiler Tubes, with 
a view of harmonizing these specifications with those of the 
American Railway Master Mechanics’ Association: 


1. Strike out the following Section 4 (a): 


“A test specimen not less than 4 in. in length shall have a flange 
% in. wide turned over at right angles to the body of the tube without 
showing cracks or flaws.” 


Substitute the following: 


“A test specimen not less than 4 in. in length shall have a flange 
turned over at right angles to the body of the tube without showing 
cracks or flaws. This flange, as measured from the outside of the tube, 
shall be 3 in. wide for tubes 2} in. or under in outside diameter, and } in. 
wide for tubes over 2} in. in outside diameter.” 


2. Strike out the following Section 7: 


“Tubes under 0.125 in. in thickness shall stand an internal hydraulic 
pressure of 900 lb. per sq. in.; tubes 0.125 in. or over in thickness shall 
stand an internal hydraulic pressure of 1000 lb. per sq. in.” 
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Substitute the following: 


“Tubes under 5 in. in diameter shall stand an internal hydraulic 
pressure of 1000 lb. per sq. in.; and tubes 5 in. or over in diameter shall 
stand an internal hydraulic pressure of 800 Ib. per sq. in.” 


3. Strike out the table in Section 11, and substitute 
the following table: 


WEIGHT, LB. PER FT. OF LENGTH. 
THICKNESS. 
Outside Diameter, in. 

In. 13] 3 | 4 [42 |] 5 | 54] 52 | 58 | 6 

0.110 12 1.03 | 2.22 | 2.51} 2.81/3.40]....].... 

0.150 9 2.56 | 2.95 | 3.36) 3.76 | 4.57 | 5.37] 6.17 | 6.97 | 7.77 | 8.17 | 8.37 | 8.57 | 9.37 
0.165 8 voce | 8.52 | 8.96 | 9.18 | 9.40 |10.28 
0.180 7 4,46 7.24 | 8.30 | 9.27 | 9.75 | 9.99 


4. Strike out the following Section 15: 


“The name or brand of the manufacturer, and ‘Tested at 900 Ib.’ 
for tubes under 0.125 in. in thickness, and ‘Tested at 1000 Ib.’ for 


tubes 0.125 in. or over in thickness, shall be legibly stenciled in white 
on each tube.” 


Substitute the following: 


“The name or brand of the manufacturer, and ‘Tested at 1000 Ib.’ 
for tubes under 5 in. in diameter, and ‘Tested at 800 lb.’ for tubes 5 in. 
or over in diameter, shall be legibly stenciled in white on each tube.” 


The following matter was referred to letter ballot of the 
Society : 


PROPOSED REVISIONS IN STANDARD SPECIFICATIONS. 


For Steel Splice Bars. 

For Structural Steel for Bridges. 
For Structural Nickel Steel. 

For Structural Steel for Buildings. 
For Steel Reinforcing Bars. 

For Steel Axles. 

For Steel Tires. 
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For Steel Castings. 

For Lap-Welded and Seamless Steel Boiler Tubes 
(amended as above stated). 

For Automobile Carbon and Alloy Steels. 

For Boiler and Firebox Steel. 

For Boiler Rivet Steel. 

For Annealed Steel Forgings. 

For Steel Shapes, Universal Mill Plates, and Bars.. 


PROPOSED NEW STANDARD SPECIFICATIONS. 


For Medium-Carbon Steel Splice Bars. 

For High-Carbon Steel Splice Bars. 

For Extra-High-Carbon Steel Splice Bars. 

For Structural Steel for Ships. 

For Rivet Steel for Ships. 

For Rail-Steel Concrete Reinforcement Bars. 

For Cold-Rolled Steel Axles. 

For Wrought Solid Carbon-Steel Wheels for Electric 
Railway Service. 

For Blooms, Billets and Slabs for Carbon-Steel Forg- 
ings. 


Committee A-1 was instructed to consider the following 
matters and: to report their conclusions at the next annual 
meeting: 


1. The reduction of the specified limit of the ultimate 
strength of rivet steel from 48-58,000 to 46-54,000 lb. per sq. in. 

2. The relation between the yield point and the ultimate 
strength in all of the standard specifications for steel. 

3. The permissible camber in both planes, and its direttion 
in a horizontal plane, for medium-carbon, high-carbon, and 
extra-high-carbon splice bars. 

4. The allowance of ten per cent excess on check analysis 
for sulphur for castings for railway rolling stock. 


A vote of thanks was adopted expressive of the appreciation 
of the meeting of the results of the labors of Committee A-1. 

Owing to the lateness of the hour, the presentation of the 
following papers, scheduled for this session, was postponed: 
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“Rail Failures and Their Causes,” by Mr. M. H. Wickhorst. 

‘Resistance of Steels to Wear in Relation to Their Hardness 
and Tensile Properties,” by Mr. George L. Norris. 

The meeting then adjourned till 8 p. m. 


FirtH SESSION.—WEDNESDAY, JUNE 25, 8 P. M. 


On Steel and Wrought Iron. 


President Robert W. Hunt in the chair. 

The following papers whose presentation had been deferred 
from the morning session, were read by their authors and dis- 
cussed: 

“Rail Failures and Their Causes,” by Mr. M. H. Wickhorst. 

“Resistance of Steels to Wear in Relation to Their Hard- 
ness and Tensile Properties,” by Mr. George L. Norris. 

The Secretary stated that he had been instructed by unan- 
imous vote of the Executive Committee to introduce the follow- 
ing resolution, with the understanding that in case of affirmative 
action the resolution would be referred to letter ballot of the 
Society: 

“ Resolved, That from and after September 1. 1913, the 
Regulations Governing Technical Committees shall be made 
applicable to all existing technical committees of the 
Society, irrespective of the circumstance that the organiza- 
tion of certain committees antedated these regulations.” 


On motion, this resolution was adopted, subject to the 
above-stated provision.! 

The report of Committee A-2 on Standard Specifications 
for Wrought Iron was presented by Mr. S. V. Hunnings, Chair- 
man. On recommendation of the committee, the following 
matters were referred to letter ballot of the Society: 

1. Proposed revisions in the following Standard Specifica- 
tions: 

For Engine Bolt fron; 

For Refined Wrought Iron Bars. 

2. The adoption of proposed Standard Specifications for 
Wrought-Iron Plates. 


1 This resolution was adopted by letter ballot of the Society on August 25, 1913.—Epb. 
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The report of Committee A-8 on Standard Specifications 
for Cold-Drawn Steel was presented by Mr. C. E. Skinner, 
Chairman. 

Following the discussion of this report, a paper entitled 
“Results of Tests of Welded Boiler Tubes,” by Mr. E. L. Lasier, 
was read by title in the absence of the author. 

The following papers were then presented by their respective 
authors and discussed: 

“Mechanical Tests of Heat-Treated Spring Steel,’ by Mr. 
R. P. Devries. 

“Oxygen in Iron and Steel: Value of Existing Methods for 
Its Determination,” by Mr. W. R. Fleming. 

“Magnetic Criterion of the Mechanical Properties of a 
One-per-cent-carbon Steel,” by Mr. Charles W. Burrows. 

A paper on “Notes on the Property of Toughness in 
Metals,” by Mr. Albert F. Shore, was read by title. 

The report of Committee D-11 on Standard Specifications 
for Rubber Products, which had been deferred from the first 
session, was presented by Mr. E. B. Tilt, Chairman. 

The meeting then adjourned till the following morning. 


SIxTH SESSION.—THURSDAY, JUNE 26, 10 A. M. 


On Cement and Concrete. 


Vice-President A. N. Talbot in the chair. | 

The following committee reports were read by title: 

Committee C-1 on Standard Specifications for Cement, 
Mr. George F. Swain, Chairman. 

Committee C-2 on Reinforced Concrete, Mr. F. E. Tur- 
neaure, Chairman. 

The following papers were then presented by their respective 
authors and discussed: 

“Estimation of Fine Particles in Cement by Rate of 
Hydration,” by Mr. H. S. Spackman. 

“Action of Various Substances on Cement Mertats, ” by 
Mr. Richard K. Meade. 


“Method and Apparatus for Determining . Consistency,” 
by Mr. Cloyd M. Chapman. 
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“Results Obtained with the Autoclave Tests for Cement,” 
by Mr. H. J. Force. 

On motion of Mr. Robert W. Lesley, and with the approval 
of the author, Mr. Force’s paper on ‘Results Obtained with 
the Autoclave Tests for Cement” was accepted, with the under- 
standing that it would be printed in the Proceedings, and that 
it would be referred to Committee C-1 on Standard Specifications 
for Cement. 

In view of the lateness of the hour, the presentation of a 
paper on “Screen-Scale Sieves made to a Fixed Ratio,” by Mr. 
G. A. Disbro, was deferred. 

The meeting then adjourned till 3 p. m. 


SEVENTH SESSION.—THURSDAY, JUNE 26, 3 P.M. 


On Cement, Concrete and Waterproofing. 


Vice-President A. N. Talbot in the chair. 

The report of Committee D-8 on Waterproofing Materials 
was presented by Mr. W. A. Aiken, Chairman. After some dis- 
cussion this report, on motion of Mr. R. J. Wig, was referred 
back to the committee for further consideration. 

A paper on “Coal-Tar and Asphalt Products for Water- 
proofing,” by Mr. S. T. Wagner, was presented and discussed. 

The following three papers were then presented and dis- 
cussed jointly: 

“Test of Natural Concrete Aggregates,” by Mr. Russell 
S. Greenman. 

“Tests of Mortars Made from Wisconsin Aggregates,” 
by Mr. M. O. Withey (presented by title). 

“Observations on the Testing of Sand,” by Mr. W. B. 
Reinke. 

A paper on “Tests of Reinforced Concrete Slabs under 
Concentrated Loading” was presented by Mr. A. T. Goldbeck 
and discussed. 

A paper on “Test of a 40-foot Reinforced Concrete High- 
way Bridge,” by Mr. D. A. Abrams, was read by title in the 
absence of the author. 


q | 
| 
| 
; \ 
= i 
i 
* 


SUMMARY OF PROCEEDINGS. 27 


A paper on “Thermal Activities of Portland Cement during 
the Period of Setting,’”’ by Mr. Louis N. Beals, Jr., was presented, 
in the absence of the author, by Mr. Mont Schuyler, and 
discussed. 

A paper on ‘‘Screen-Scale Sieves Made to a Fixed Ratio,” 
the presentation of which had been postponed from the previous 
session, was presented by its author, Mr. G. A. Disbro. 

The meeting then adjourned till the following morning. 


EIGHTH SESSION.—FRIDAY, JUNE 27, 10 A. M. 


On Ceramics and Road Materials. 


President Robert W. Hunt in the chair. 

The report of Committee C-3 on Standard Specifications 
for Brick was presented by Mr. A. V. Bleininger, Chairman. 

On motion of Mr. R. J. Wig, the action taken at the pre- 
vious session, by which the report of Committee D-8 on Water- 
proofing Materials was referred back to that committee, was 
reconsidered; and it was decided that if that committee should, 
by unanimous vote, adopt certain proposed modifications in 
their report, the report was to be printed in the Proceedings.! 

The report of Committee C-4 on Standard Specifications 
and Tests for Clay and Cement Sewer Pipes was presented, in 
the absence of the Chairman, Mr. Rudolph Hering, by the 
Secretary, Mr. A. J. Provost, Jr. 

The report of Committee C-6 on Standard Tests and 
Specifications for Drain Tile was presented by Mr. A. Mar- 
ston, Chairman. On motion of Mr. L. G. Blackmer, it was 
decided to refer to the committee, with power, the omission of 
the words distinguished by italics in the following sentence at 
the middle of the fifth page of the report:? 


“This method alone does not provide safety against 
the cracking of pipes in ditches now so prevalent in all the 
large sizes of both drain tile and sewer pipe, for pipe of the 


1 The proposed modifications given on p. 465 having been adopted by unanimous vote of 
Committee D-8, the revised report appears on pp. 459-465.—Eb. 

2 For action taken by Committee C-6 on this recommendation, see p. 311. The report 
in revised form appears on pp. 303-31 1.—Eb. 
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best quality now made will generally crack in deep and wide 
ditches, though sound and satisfactory in every way for ordi- 
nary moderate depths and widths.” 


The report of Committee C-7 on Standard Specifications 
for Lime was presented by Mr. H. S. Spackman, Chairman. 
On motion of Mr. F. P. Veitch, it was decided that this report 
should be printed in the Proceedings, but that it shall be referred 
back to the committee for further consideration. - 

The report of Committee D-4 on Standard Tests for Road 
Materials was presented by the Chairman, Mr. L. W. Page, 
together with a minority report by two members of the com- 
mittee. The discussion of this report was introduced by Mr. 
Page by the presentation of a reply to the minority report on 
behalf of the Sub-Committee on Nomenclature of Committee 
D-4. 

A paper on “Testing of Refractories” was presented by 
Mr. A. V. Bleininger and discussed. 

On motion of Mr. E. Orton, Jr., the Executive Committee 
was requested to consider the desirability of appointing a Com- 
mittee on Refractories. 

A paper on “Relation between the Tests for the Wearing 
Qualities of Road-Building Rocks” was presented by Mr. 
L. W. Page and discussed. 

A paper on ‘Extractor for Bituminous Paving Mixtures,” 
by Mr. C. N. Forrest, was read by title. 

The meeting then adjourned till 3 p. m. 


NINTH SESSION.—FRIDAY, JUNE 27, 3 P.M. 


On Non-Ferrous Metals. 


Vice-President A. W. Gibbs in the chair. 

The report of Committee B-1 on Standard Specifications 
for Copper Wire was presented by Mr. J. A. Capp, Chairman. 

The proposed revisions in the following standard specifica- 
tions recommended by Committee B-1 were referred to letter 
ballot of the Society: 


For Hard-Drawn Copper Wire. 
For Medium Hard-Drawn Copper Wire. 
For Soft or Annealed Copper Wire. 
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The report of Committee B-2 on Non-Ferrous Metals and 
Alloys was presented by Mr. William Campbell, Chairman. 

On recommendation of the committee, the following pro- 
posed standard specifications, which are designed jointly to 
supersede the present Standard Specifications for Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars, were referred 
to letter ballot of the Society: 


For Lake Copper Wire Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars. 

For Electrolytic Copper Wire Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars. 


The following papers were presented by their authors and 
discussed : 

“Lead-Tin-Antimony and Tin-Antimony-Copper Alloys,” 
by Mr. William Campbell. 

“Study of Bearing Metals and Methods of Testing,” 
by Mr. T. D. Lynch. | 

A paper on “Strength of Cast Zinc or Spelter,” by Mr. 
Gilbert Rigg and Mr. G. M. Williams, was presented by Mr. 
Rigg and discussed. 

The meeting then adjourned till the following morning. 


TENTH SESSION.—SATURDAY, JUNE 28, 10 A. M. 


On Testing and Miscellaneous Subjects. 


President Robert W. Hunt in the chair. 

The repozt of Committee E-1 on Standard Methods of 
Testing was presented by Mr. Gaetano Lanza, Chairman. 

The report of Committee A-10 on Hardness Tests was 
presented by the Chairman, Mr. D. E. Douty. 

A paper on ‘‘Conservation and Shipping Containers” was 


_ presented by Col. B. W. Dunn, who then introduced the fol- 


lowing resolution: 


“Resolved, That the American Society for Testing 
Materials, on account of its desire to cooperate and assist 
in any action that promises to conserve our national 
resources, respectfully urges upon the Interstate Commerce 


ne 
| 
“J 
| 
| 
. 
va 
| 
| 
| 
A 
= 


30 SUMMARY OF PROCEEDINGS. 


Commission the advisability of extending, to all classes of 
freight moving in interstate commerce, the protection 
against damage and loss through insecure shipping con- 
tainers that the Commission is now endeavoring to 
extend to explosives and other dangerous articles; and this 
Society offers the services of a committee, whose appoint- 
ment for this purpose is hereby authorized, to assist, so far 
as the time and experience of its members may permit, in 
formulating and perfecting standard specifications for 
shipping containers.” 


On motion of the Secretary, the first part of this resolution, 
ending with the words “and other dangerous articles,” was 
adopted as expressive of the sense of the meeting; and the 
remainder of the resolution was referred with power to the 
Executive Committee, with a favorable recommendation. 

A paper on “Suggestions as to Standard Specifications to 
Promote Efficiency and Safety in Explosives Used in Blasting,” 
by Mr. C. P. Beistle, was presented, in the absence of the 
author, by Col. B. W. Dunn. 

A paper on “Spherical Bearings,” by Mr. Mont Schuyler, 
was read by title in the absence of the author. 

_A paper on “Use of the Strain Gage in the Testing of 
Materials,” by Mr. W. A. Slater and Mr. H. F. Moore, was 
presented by Mr. Slater and discussed. 

A paper on “Large-Capacity Testing Machines in United 
States and England,” by Mr. E. L. Lasier, was read by title 
in the absence of the author. 

On motion of the Secretary, a resolution was passed, by 
unanimous vote, expressive of the thanks of the meeting to 
the Bausch & Lomb Optical Co., and to their representa- 
tive, Mr. H. E. Howe, for the service rendered the Society by 
the excellent provision for the illustration of papers. 

The following resolution, introduced by Mr. D. E. Douty, 
was then adopted: 


“Whereas, The new method of presenting papers by 
preparation and distribution of preprints in advance and 
during the meetings has developed a distinct improvement 
in the interest and value of the sessions; be it 

“Resolved, That the Society heartily endorse the new 
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method, the additional expense incurred thereby, and the 
extension of the system; and be it further 

“Resolved, That the sincere thanks of the Society be 
extended to our Secretary and his associates for the very 
convenient and efficient manner in which these preprints 
have been furnished to the members.” 


On motion of Mr. E. J. Mehren, a resolution was passed 
expressive of the thanks of the meeting to President Hunt, for 
the able, courteous and considerate manner in which he had con- 
ducted the meeting. This motion was put by President-elect 
A. N. Talbot, and unanimously adopted by a rising vote. 

The Chair then declared the meeting adjourned sine die. 
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AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


PROCEEDINGS. 


The Society is not responsible, as a body, for the statements and opinions 
advanced in its publications. 


THE APPLICATION OF SPECIFICATIONS. 
ANNUAL ADDRESS BY THE PRESIDENT, ROBERT W. Hunt. 


The past year was made a notable one in the history of 
our Society by our having acted as hosts to the International 
Association for Testing Materials on the occasion of that 
organization’s Sixth Congress. Having that Congress held 
in this country was an ardent desire of our late honored and 
loved President, Doctor Dudley. I am sure that many of you 
will recall how earnestly he advocated such an invitation being 
extended by this Society, and how gratified he was by its action 
empowering him as its President to deliver such a message to 
the Association’s Council when he attended the Copenhagen 
Congress, and with how much evident pleasure he announced 
to us that the invitation had been accepted; apparently, through 
his always great modesty, not at all realizing the important 
part which his charming personality had played in influencing 
the acceptance. | 

Doctor Dudley’s mind was full of plans for making the Amer- 
ican Congress a success, and it wasa great pity that he was not 
spared to participate in the event, toward the happening of 
which he had done so much. We, who were here, tried to be 
worthy of the trust left to us, and, thanks to the generous sup- 
port of many of our Society’s friends, and the self-sacrificing 
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work of your several committees, to whom the work was in- 
trusted, I am certain that the Congress and all, pertaining to 
it passed off in a manner which would have been to Doctor 
Dudley’s satisfaction, and which was gratifying to our visitors, 
as they have both personally and officially assured us. 

On behalf of the American Society for Testing Materials, | 
I take this occasion to most heartily thank the various indus- 
trial organizations and individuals who so generously contributed 
money for the occasion, and also those who added so much to 
the pleasure and profit of our foreign visitors by giving them 
the privilege of visiting their various establishments, and, in 
many instances, also extending to them gracious hospitality. 
We had the satisfaction of returning to our money contributors 
a very respectable percentage of their donations. To the others 
we can only give appreciative thanks. 

I also desire to officially thank the members of the various 
committees who had the detail work of the entertainment of 
our visitors and the operations of the Congress, for their labors, 
and to congratulate them upon the great successes accomplished. 
I am certain that in every way the holding of the Congress in 
this country was of value and did much to benefit our Society. 
The bringing together of so many men of high scientific attain- 
ments and practical experience in widely separated fields, and 
not only enabling them to exchange professional ideas, but also 
to become personally acquainted, was certain to result in good, 
and their presence in this country attracted the attention of its 
men of affairs and did much to impress them with a greater 
appreciation of the value of our own Society on not only what 
may be called the technical side of the matters with which ‘it 
is identified, but also the absolutely practical—the money value 
—of our deliberations and conclusions. 

In the not distant past there was a more or less general 
feeling amoug the manufacturers of this country that specifica- 
tions covering their products were entirely unnecessary. [If it 
amused a customer to formulate such things and present them 
as describing that which they desired to purchase, well and good, 
but that the products should actually conform to the details 
of what they considered purely academic requirements, was a 
different proposition. They had been for years engaged in their 
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several occupations and naturally knew more about them than 
was possible for any outsider. In a way, this was true, but the 
element of progression was involved, with the result that what 
had been equal to, and, therefore, satisfactory, under the require- 
ments of yesterday, became inadequate to the demands of 
to-day; and the situation could be best met by accurate obser- 
vations of the behavior of materials of known composition under 
carefully observed conditions and measured stresses, and it is 
patent that without complete knowledge of observed materials, 
the obtained results would be so obscured that accurate deduc- 
tions would be impossible. In many cases, the conditions under 
which materials are to be used are so widely different, that 
what would be satisfactory in one case, would be baad unsatis- 
factory in another. 

With the progress of affairs, and, in fact, as part of such 
progress, has come the organization of technical societies. They 
have played and are filling an important part in the world’s 
scientific and material advancement. The societies dealing 
with production and application of materials and power have 
brought together the brightest minds and most enterprising of 
the world’s workers, who have, quicker and more thoroughly 
than would have been in any other way possible, found that 
no matter how smart each man might be and how much he 
might know, it would not be all, and that, through comparing 
notes and so exchanging knowledge with his fellows, he was 
certain to ultimately receive at least as much as he gave. That 
such is true is now accepted, and the day of closed shops and 
self-sufficiency forever passed. With this has also come the 
day of specifications, but, as yet, let them be drawn ever so care- 
fully, and based on the most careful observation, they cannot 
entirely take the place of and make unnecessary the exercise 
of initiative on the part of the producer. Specifications have 
to be not only adapted to the conditions under which the 
materials are to be used, but they also have to be intelligently 
applied to the production of the materials they are intended 
to cover. They must be kept practical. There is no question 
that steel absolutely without any phosphorus in its composition 
would be most desirable, but, so long as such metal is prac- 
tically unattainable, why specify it? And knowing that the 
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available iron ores of a country are best adapted to certain 
processes, it would seem unwise to expect their engineers to 
adopt specifications which would leave their own people out of 
of the running. 

It is thought by many that one of-the most desirable 
results of the International Association for Testing Materials 
and its Congresses, will be the adoption of International Speci- 
fications. It is only in a somewhat restricted degree that I 
concur in that view. I think that for many years to come most 
countries will demand specifications which will best apply to 
their own circumstances either of production or use, or both. 
While, for instance, Germany is a large and successful producer 
of basic Bessemer steel, it has been proven by two costly failures 
that the ores of the United States are not adapted to the 
economical production of such steel; therefore, this country 
cannot be expected to have much interest in international basic 
Bessemer steel specifications. Still, adhering to my own shop, 
it is patent that so long as European railways have their present 
light equipment and short lines, they will not require the same 
character of rails as our American roads; nor do they need 
the same details for their equipment. There are many other 
instances in which different countries will, for their own use, 
require different specifications, no matter where the products 
may be made, but there is one international field on which all 
countries can unite, and that is in the studying and discussion 
of scientific investigations and the details of the testing of 
materials, and, on the results thus obtained and mutually dis- 
cussed, valuable specifications can be based. To be of value, 
they cannot be purely academic, and bringing into personal 
contact the scientist and tke intelligent practitioner is certain 
to result in real progress. 

As already stated, no matter how carefully specifications 
may be formulated, they cannot eliminate the necessity for 
judgment being exercised in their application. Unusual condi- 
tions may, and frequently do, arise, and of such character that 
it would have been practically impossible to have provided 
for them in the specifications. Probably as much attention 
has been given in this country to specifications for steel rails as 
for any other product. Three of the national technical societies 
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have had able committees upon the subject, and it has received 
at their hands years of careful investigation and considera- 
tion. The present Rail Committee of the American Railway 
Engineering Association is composed of some of the ablest rail- 
way engineers of this country, and they have had placed at 
their command facilities for observation and money for experi- 
ment, and the steel rail specifications approved by them are 
generally accepted by the American railway world as being 
ex cathedra; but that they, iz blindly followed, will not insure 
satisfactory products has lately been most strikingly illustrated. 
Their specifications provide that if, under certain conditions, 
the drop test piece which is to be taken from the top end of 
the top rail of the ingot fails, all of the top rails from that 
heat shall be rejected, and a second test shall then be made of 
a test piece cut from the top end of any second rail of the same 
heat; and if that piece fails, all the second rails of the heat 
shall be also rejected, and a third test made from a top piece 
taken from any third rail of the heat; and if it also fails, all 
the remainder of the rails made from that heat shall be rejected. 

It occurred lately that on an order for rails under the above 
named specifications, a large percentage of the top rails failed, 
about 22 per cent, and about 20 per cent of the test pieces 
from the second rails of those same heats also failed, and about 
40 per cent of the third rails tested from that 20 per cent also 
failed, and, therefore, the entire heats represented by these last 
rails were condemned. The chemistry of all of the steel was 
clearly within the specifications, and, under a strict interpreta- 
tion of them, only the top rails of the failed heats plus the second 
rails of heats whose second rails also failed, plus the entire heats 
represented by the failed third rails, would have been rejected; 
but with steel giving such a heavy percentage of unsatisfactory 
results, and realizing that, at best, the tested pieces were but 
a small proportion of all the metal represented, it was decided 
not to ship any of the rails which had been rolled on the order; 
which, in my judgment, was a wise non-adherence to the letter 
of the specifications. But such instances do not at all prove 
that specifications are without value. They afford an available 
means of formulating the most advanced state of the art, and, 
if drawn according to the best judgment of men familiar with 
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the practical workings of that art, they will be to the highest 
interest of both producer and user. 

As evidenced by the reports of our Society’s several com- 
mittees, they have been active since our last meeting upon the 
various subjects coming under their several jurisdictions, and 
their reports and recommended specifications which are before 
the Society for consideration, give positive proof of the vast 
amount of labor and careful thought which have been given 
them. It is especially true of our organization that our com- 
mittees are the vital element in its life, and I take great pleasure 
and pride in the feeling that at no time in the Society’s history 
has its whole membership been more keenly interested in its work. 

It was my fortune to follow in office most distinguished 
and able men, and it is a great satisfaction to know that I am 
to welcome as my successor a gentleman who has accomplished 
so much in engineering investigation, and whose fame as an 
authority on his chosen lines is world wide. And I congratulate 
you, my fellow members, that our Society enters upon another 
year in such a prosperous condition, and with so bright an out- 
look for the future. 
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International Congress——The most notable event in the 
activities of the Society during the past year was the Sixth 
Congress of the International Association for Testing Materials, 
held under its auspices in New York City on September 2-7, 1912. 
Although that Congress may deservedly be regarded as successful 
from every point of view, it was especially so in the extent, 
variety and value of the technical matter it brought together 
from contributors in many countries. It should be especially 
gratifying to the members of the American Society that of the 
153 contributions presented at the Congress no fewer than 38 
came from American sources. The Proceedings of this Congress, 
which will be published in German, French and English, are 
expected to be available in the near future in the form of two 
volumes of about 1100 pages each. The acceptance for publica- 
tion of this large volume of technical matter, which is about 
twice as great as at any previous Congress, was rendered possible 
only through a subvention of $9000 on the part of the American 
Organizing Committee and a subscription of $5000 on the part 
of the American Society. The latter was conditioned on an 
agreement by which every Member of the American Society 
irrespective of membership in the International Association, 
will receive in due course a copy of the Congress Proceedings 
which will be bound by the American Society in conformity with 
the standard binding of its own Proceedings. 

The Executive Committee desires again to express its 
grateful appreciation of the efficient and unselfish services 
rendered by many members without whose zealous cooperation 
with the Organizing Committee the success of the Congress 
would not have been possible. 

It is fitting that the following communication from the 
officers of the International Association, which has already 
been brought to the notice of the members of the American 
Society, should here be placed permanently on record: 
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St. PETERSBURG, December 5, 1912. 


THE AMERICAN SOCIETY FOR TESTING MATERIALS, 

Philadelphia, Pa. 

Dear Sirs: 

We have great pleasure in thanking you most warmly, in the name of 
the International Association for Testing Materials, for your extreme courtesy 
afforded to our Congress, your great assistance in preparing for it, for your 
furtherance of our aims in every possible manner, and in particular for the 
cordial reception given to our members. 

Our members returned home full of satisfaction and carried away with 
them a vivid recollection of the marvelous technical achievements of your 
country, and of its natural beauties, and they are full of gratitude for your 
lavish hospitality. 

We are firmly convinced that this Congress will succeed in gaining new 
adherents to our common aims, in developing the testing of materials as one 
of the chief safeguards for the general public, and that the bond of personal 
interest thus formed between the members of your Society and our Associa- 
tion will be productive of beneficial results. 


With the renewed expression of our most sincere thanks, and our highest 
esteem, 


In the name of the Council of the International Association for Testing 
Materials, 


Yours very truly, 
The General Secretary: The President: 


(Signed) Ernst REITLER. (Signed) N. BELELUBSKY. 


It is appropriate, too, that the Executive Committee should 
here record again its grateful acknowledgment of the generous 
financial support of the Congress at the hands of 443 members 
of the Society and other subscribers who jointly contributed 
$38,583.93, which, together with the receipts from Congress 
fees, rendered available the total sum of $42,364.60 for Congress 
purposes. The expenditures, including the refunding of one- 
sixth of the subscriptions, have previously been accounted for 
and will therefore not be recapitulated here. The final report 
of the auditors of the Congress accounts to the Executive Com- 
mittee of the American Society, is as follows: 


In conformity with the instructions of Mr. Edgar Marburg, we hereby 
certify that we have made an audit and examination of the cash account 
of the Treasurer of the Organizing Committee, Mr. Edgar Marburg, at his 
office in Philadelphia. 

We further certify that we have found the accounts to be correct and to 
be as stated in the annexed report. All disbursements claimed by him were 
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substantiated by properly approved vouchers, and the balance as stated on 
hand was found to be correct as per settled bank book.” 


(Signed) Herns & Co., 
Public Accountants and Auditors. 


Membership.—It will be recalled that the last annual 
meeting of the Society was held in March instead of June with 
a view of not trenching on the International Congress in Septem- 
ber. The following records are to be understood therefore as 
covering a period of about fifteen months instead of the usual 
annual period. 

The membership at the last annual meeting was 1430. 
Since then 294 applications for membership have been approved. 
Happily the deaths for the period in question have been remark- 
ably few. The losses by death are: 


June 30, 1912. 
May 5, 1913 


The number of resignations is 66, and 81 members have been 
dropped for arrears in dues. The relatively large number of 
members dropped for delinquency in dues is accounted for by 
the fact that the number here reported includes 33 members 
who were in arrears at the time of the last annual meeting, but 
who had been granted an extension till April 1, 1912. 

The net increase in the membership of the Society since 
_ the last annual meeting is 144, which is at the rate of about 
115 per annum, as against an average increase of 100 for the 
previous six years. The present membership is 1574. It is 
thus seen that the doubling of the dues which went into effect 
on August 1, 1910, has had no detrimental influence on the 
growth of membership. 

Publications.—With a view of stimulating the American 
contributions to the International Congress the last annual 
meeting of the Society was limited to committee reports. 
These reports were accordingly merged last year with the 
usual contents of the Year-Book and published jointly with 
the latter as Volume XII of the Proceedings. This accounts 
for the marked drop, from 1275 to 600 pages, in the publications 
for the year recorded in the accompanying diagram, 
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The Society has also recently issued a volume of 420 pages 
containing twenty selected standard specifications for steel 
and steel products in English, German, French and Spanish. 
In the translation into foreign languages all numeric values 
are given both in the British and Metric systems. The cost of 
this publication was defrayed from certain contributions towards 
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the support of the International Congress, which were influenced 
partly by that consideration. 

The Index covering the contents of Volumes I-XII, inclu- 
sive, of the Proceedings is now in press, and every member will 
receive in due course a cloth-bound copy without extra charge. 

There have also been issued since the last annual meeting 
eight official circulars of information. 


The policy of preprinting committee reports and papers 
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and their distribution among the membership at large in advance 
of their presentation, which has been inaugurated this year 
for the first time on an extensive scale, has been rendered 
possible through the improved financial condition of the Society. 
In some instances authors have not found it possible to furnish 
their manuscripts sufficiently far in advance for preprinting, 
and in other cases the time was too limited to admit of the 
advance circulation of matter printed in time for the meeting. 
However, the results on the whole have been most encouraging 
and with the experience gained it is hoped that even better 
results will be attainable in the future. In order that the heavy 
cost of preprinting and circulating so large a volume of matter 
may be justified, it is hoped that it will result in a notable 
enhancement of the volume and value of written discussions, 
especially on the part of members who may not find it possible 
to attend the annual meeting. It is too early to forecast the 
effect of the new policy in that direction. 

Technical Committees—Committee A-9 on Alloy Steels 
and Committee D-3 on Standard Methods of Analysis of Fats 
and Oils have been discharged on their own recommendation. 
The functions of the committee on alloy steels, in their bearing 
on specifications, have been provided for through the appoint- 
ment of a new sub-committee on alloy steels on the part of 
Committee A-1 on Standard Specifications for Steel. 

With the concurrence of Committee E-2 on Uniform Speci- 
fications for Boilers, that committee has also been discharged 
with the understanding that all matters relating to specifications 
for boiler materials will hereafter be referred to the sub-com- 
mittee on locomotive materials of Committee A-1. 

The creation of the following new committees has been 
authorized by the Executive Committee: 


Committee C-7 on Standard Specifications for Lime, under 
the chairmanship of Mr. Henry S. Spackman. 

Committee D-12 on Petroleum Products, under the chair- 
manship of Mr. Irving C. Allen. 

Committee E-2 on Electrical Standards, under the chair- 
manship of Mr. C. E. Skinner. 

Committee E-6 on Papers, under the chairmanship of Mr. 
Edgar Marburg. 
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In view of the creation of the Committee on Papers, the 
previous Standing Advisory Committees on Iron and Steel, on 
Cast Iron, on Cement and Concrete, on Brick and Terra-Cotta 
Products, on Preservative Coatings, and on Tests and Testing 
Apparatus have been discharged. 

The new Regulations Governing Technical Committees, 
announced last year, by which any recommendations affecting 
specifications must be sent in printed form to every member 
of the Society not less than four weeks before the annual meeting, 
has been strictly observed this year in connection with the 
following matter relating to specifications which will be presented 
at this meeting: 


PROPOSED NEW STANDARD SPECIFICATIONS. 


Recommended by Committee A-1 on Steel: 
For Medium-Carbon Steel Splice Bars. 
For High-Carbon Steel Splice Bars. 
For Extra-High-Carbon Steel Splice Bars. 
For Structural Steel for Ships. 
For Rivet Steel for Ships. 
For Rail-Steel Concrete Reinforcement Bars. 
For Cold-Rolled Steel Axles. 
For Wrought Solid Carbon-Steel Wheels for Electric Rail- 
Service. 
For Blooms, Billets and Slabs for Carbon-Steel Forgings. 


Recommended by Committee A-2 on Wrought Iron: 
For Wrought-Iron Plates. 


Recommended by Committee B-2 on Non-Ferrous Metals: 
For Electrolytic Copper Wire Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars. 
For Lake Copper Wire Bars, Cakes, Slabs, Billets, Ingots, 
and Ingot Bars. 
Recommended by Committee C-7 on Specifications for Lime: 
For Lime. 


Recommended by Committee D-1 on Preservative Coatings: 


For the Purity of Raw Linseed Oil from North American 
Seed. 


‘Standard Definitions of Terms used in Paint Specifications. 
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Recommended by Committee D-2 on Lubricants: 
Provisional Test for Lubricants. 


PROPOSED REVISIONS IN STANDARD SPECIFICATIONS. 


Recommended by Committee A-1 on Steel: 


For Steel Splice Bars. 

For Structural Steel for Bridges. 

For Structural Nickel Steel. 

For Structural Steel for Buildings. 

For Steel Reinforcing Bars. 

For Steel Axles. 

For Steel Tires. 

For Steel Castings. 

For Lap-Welded and Seamless Steel Boiler Tubes. 

For Automobile Carbon and Alloy Steels. 

For Boiler and Firebox Steel. 

For Boiler Rivet Steel. | 
For Annealed Steel Forgings. 
For Steel Shapes, Universal Mill Plates, and Bars. | 


Recommended by Committee A-2 on Wrought Iron: 


For Refined Wrought-Iron Bars. 
For Engine-Bolt Iron. 


Recommended by Committee B-1 on Copper Wire: 
For Hard-Drawn Copper Wire. 
For Medium Hard-Drawn Copper Wire. 
For Soft or Annealed Copper Wire. 


As may be judged from the foregoing, the past year has 
been one of great activity on the part of the technical com- 
mittees. Many meetings have also been held for the considera- 
tion of new and revised specifications which have not yet yielded 
definite returns, but from which useful results are to be antici- 
pated in the early future. 

The following additions to the Regulations Governing 
Technical Committees have been agreed to jointly by the 
Executive Committeé and Committee E-5 on Rules Governing 
the Form but not the Substance of Specifications: 
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1. The insertion of the following new section after the 
present section on “Specifications”’: 


Standard Dejinitions.—The procedure governing action on proposed new 
standard definitions or the proposed amendment of existing standard defini- 
tions shall be in precise conformity with that above defined in relation to 
“Specifications,” except that such new or amended definitions shall not be 
referred to letter ballot of the Society prior to the annual meeting following 
their publication in the Proceedings of the Society. 


2. The addition of the following sentence to the section on 
“Discharge of Committees:”’ 


A technical committee which fails to present a report at three successive. 
annual meetings of the Society will be required to show cause, in a written 
communication to the Executive Committee, why it should not be discharged. 


Finances.—In the consideration of the subjoined annual 
report of the Treasurer it should be borne in mind that, for 
reasons previously ‘stated, the period covering this report is one 
of about fifteen months instead of one year. The cash balance 
in the general funds of the Society on June 1, 1913, was 
$9444.39 with no outstanding liabilities except $348.35 for 
International dues collected since April 1, 1913. 

There is perhaps no better means of judging the esteem in 
which the work of the Society is held in outer circles than that 
afforded by the returns from the sale of its publications. It is 
therefore especially gratifying to note that the proceeds from the 
sale of the publications amount to $2524.27 as compared with 
$982.82 from that source announced in the last annual report 
for the preceding period of nine months. 

The unexpended balance of $1796.82 from the funds 
collected for Congress purposes, entered as a separate item in 
the cash balance, will be applied, as announced in a recent 
circular to members, towards the cost of binding and distributing 
the Proceedings of the Congress among the members of the 
Society. 

It will be noted that the disbursements include an extraor- 
dinary item of $5000 subscribed, by authorization of the 
Society by letter ballot, towards the Proceedings of the Inter- 
national Congress, with the prospective returns, previously 
mentioned, to the members of the Society. It is estimated that 
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the balance in the treasury, together with the receipts for the 
remainder of the fiscal year, ending December 31, 1913, will 
suffice to defray the cost of the Index of Volumes I-XII, inclu- 
sive, the 1913 Year-Book, and the running expenses till the end 
of the year, notwithstanding the heavy outlay incurred in connec- 
tion with the preprints for this meeting. The bills for this pre- 
printing have for the most part not yet been rendered, and this 
item is therefore only partially accounted for among the dis- 
bursements in the report of the Treasurer. 


ANNUAL REPORT OF THE TREASURER. 
From March 15, 1912, to June 1, 1913. 


RECEIPTS, 
Orders for binding 216.00 
Sales of right to reprint specifications for one year.... 850.00 


Orders for binding and extra payment required of 
Junior Members for International Congress 


Special fund, for defraying cost of Selected Specifica- 
tions in four languages, etc.................26- 4 594.07 
International Association 2 778.68 
Cash balance, March 15, 1912...........06. 6 725.57 
$36 192.94 
DISBURSEMENTS. 
Salaries (including Secretary’s salary at the rate of 
Audits by public accountants.............eceeeeeees 80.00 
Expenses, Secretary’s office: 
Postage and $475.29 
Miscellaneous 268.02 
743.31 
Rent and insurance, storage 171.60 
Stenographer, Fifteenth Annual Meeting............. 80.50 
Expenses, Fifteenth Annual Meeting.......:........ 64.15 
Expenses, Sixteenth Annual Mecting................ 66.74 
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Expenses, Technical 968.52 
Special fund for defraying cost of Selected Specifica- 
Refund of excess remittances........ccccccccsccccces 30.70 
Unclassified disbursements... 8.50 
For account of International Association............. 57.65 
Remitted to International Association: 
Subscription towards Sixth Congress Pro- 
8 249.07 
Cash balance, June 1, 1913: 
$9 444.39 
11 241.21 


$36 192.94 


ANALYSIS OF DISBURSEMENTS FOR ACCOUNT OF 


PUBLICATIONS. 

Clerical Printing and 

Services. Mailing. Total. 
Year-Book and Membership Pamphlet. . . $455.99 $3 620.33 $4 076.32 
Circular to Members... 17.25 399.91 417.16 
393.25 393.25 


$864.24 $5 302.50 $6 166.74 


COMMITTEE FUNDS. 
ComMITTEE 


$2 395.52 
$000.00 
CoMMITTEE D-1. 
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The last report on the semi-annual audit of the books and 
accounts of the Society, presented on January 11, 1913, is as 
follows: 


JouN & Co. 
PUBLIC ACCOUNTANTS AND AUDITORS. 


PHILADELPHIA, January 11, 1913. 


Mr. EpGar MarsurcG, Secretary and Treasurer, 

American Society for Testing Materials. 

Dear Sir: 

We respectfully report that we have made an audit and examination 
of the books and accounts of your Society for the six months ended December 
31, 1912, and report them to be correct, and that the accounts are in the same 
excellent condition as at our last-examination. 

We submit balance sheet as of December 31, 1912, as also a statement 
of operations for the twelve months then ended, schedules of Accounts Receiv- 
able and Payable, etc. 

Yours respectfully, 


(Signed) Hertns & Co. 


Proposed Amendment of the By-Laws.—It is recommended 
that Sec. 5, Art. II, of the by-laws, which was inserted last 
year to serve a temporary need, be stricken out.! The section 
in question reads as follows: 


Sec. 5. The officers and members of the Executive Committee to hold 
office under these by-laws shall be as follows: 

To hold office for one year:—the President elected this year (1912), the 
Second Vice-President, to be appointed by the Executive Committee, and the 
following members of the present Executive Committee: W. A. Bostwick, 
Robert W. Hunt, Richard Moldenke and William R. Webster. 

To hold office for two years:—The First Vice-President elected this year 
(1912), the Secretary-Treasurer elected this year (1912), the three members 
of the Executive Committee elected this year (1912), and a fourth member 
to be appointed by the Executive Committee. 


Respectfully submitted on behalf of the Executive Com- 
mittee, 
ROBERT W. Hunt, 
President. 
EpGAR MARBURG, 
Secretary-Treasurer. 


1 This amendment was adopted by letter ballot of the Society on August 25, 1913.—Eb. 


APPENDIX. 


ABSTRACT OF THE MINUTES OF THE EXECUTIVE COMMITTEE, 


REGULAR MEETING, March 30, 1912.—Hotel Astor, New York City. 
Present: Mr. A. W. Gibbs, Vice-President; Mr. J. B. Lober, Mr. Richard 
Moldenke and Mr. A. A. Stevenson, members of the Executive Committee; 
and Mr. Edgar Marburg, Secretary-Treasurer. 

The Secretary reported that favorable action had been taken on 82 
applications for membership, that 37 members had resigned, and that there 
had been a loss of 5 members by death, making the total membership on March 
15, 1912, 1430. 

The Secretary presented some correspondence on the subject of charges 
for authors’ reprints, the policy of the Society being to charge such matter 
to authors at net cost prices. It was decided to make no change in that policy 
for the present. 

It was decided to authorize the creation of a new committee on Standard 
Specifications for Lime. 

The Secretary presented some correspondence recommending the appoint- 
ment of a new committee on Standard Specifications for Molding Sands and 
Binders. It was decided to defer action in this matter pending further devel- 
opments in this field. 

The question of additional appointments on the Executive Committee 
following the approval by letter ballot of the Society of the proposed amend- 
ments of the by-laws, was considered with the following conclusions: For 
Vice-President, Mr. A. N. Talbot. For membership on the Executive 
Committee, Mr. Chas. S. Churchill. The appointment of another member 
authorized by the amendment was deferred till the next meeting. 

The Secretary was authorized to issue the 1912 Year-Book and the 
Proceedings of the Fifteenth Annual Meeting in the form of a single 
volume. 

The Secretary submitted correspondence bearing on the recommendation 
that the secret ballot method should be adopted by the Society in connection 
with the election of officers. It was decided that if at any future time an 
opposition ticket should be set up, in accordance with Section 9, Article IT, 
of the by-laws, the vote shall be by secret ballot, but that in the meantime 
the present method shall be adhered to. 

The Secretary presented a letter under date of March 6 from ‘the 
Secretary of the International Association with accompanying excerpt from 
the minutes of the meeting of the Council of the International Association 
held in Dresden on January 27, to the effect that the Council accepts the 
proposal of the American Society to subscribe $5000 in support of the publi- 
cations of the Congress on the conditions presented in connection with the 
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proposal, with the added provision that members of the American Society 
desiring to participate in the Congress, but who are not members of the 
International Association, shall be enrolled as members of the latter, if only 
for a single year, and that the dues in the International Association to which 
such members would be liable for that year are to be deducted by the American 
Society from the subscription of $5000. 

On motion the last provision added by the International Association was 
accepted. 


REGULAR MEETING, July 11, 1912.—Engineers’ Club, Philadelphia. 
Present: Mr. A. N. Gibbs, Vice-President; Mr. J. B. Lober, Mr. Richard 
Moldenke, Mr. C. E. Skinner and Mr. A. A. Stevenson, members of the 
Executive Committee; and Mr. Edgar Marburg, Secretary-Treasurer. 

The Secretary reported that favorable action had been taken on 111 
applications for membership, that 2 members had resigned, and that 33 
members had been dropped for non-payment of dues, making the total mem- 
bership on June 29, 1912, 1506. 

The Secretary presented the resignation of Mr. W. R. Webster from 
membership on the Executive Committee. Mr. C. E. Skinner was elected to 
fill this vacancy. 

Mr. G. W. Thompson was elected to another membership on the Execu- 
tive Committee authorized by the amendment of the by-laws. 

The Secretary presented a report from a Committee of Tellers consisting 
of Mr. H. H. Quimby and Mr. W. P. Taylor, on a recent letter ballot of the 
Society, embodying the following results: 


For Against 
On AMENDMENTS oF By-Laws. Adoption Adoption 
On AMENDMENTS OF SPECIFICATIONS. 
Magnetic Tests of Iron and Steel..................4. 63 
ON REVISED SPECIFICATIONS. 

85 4 


{ 
Locomotive Materials. 
| 


ANNUAL REPORT OF THE EXECUTIVE COMMITTEE. 51 


For Against 
On NEw SPECIFICATIONS. Adoption. Adoption. 
Wheels for Engine and Passenger Service............. 73 3 
Wheels for Preight Service... 75 3 
72 4 
Medium Hard-drawn Copper 68 
Soft or Annealed Copper Wire...............0eeeeee 68 3 
Locomotive Materials. 
Total number of ballots cast...............e0000- 137 


The Secretary called attention to the following resolution adopted at the 
last annual meeting of the Society: 

“That the Executive Committee be requested to consider the advisability 
of appointing a Committee on Petroleum Products to cooperate with the 
International Petroleum Commission, the American Chemical Society, and 
the International Society of Applied Chemistry.” 

On motion it was decided to authorize the creation of this Committee, 
to be known as Committee D-12 on Petroleum Products. 

The Secretary reported a proposal for merging Committee E-2 on Uni- 
form Specifications for Boilers with Committee A-1 on Standard Specifications 
for Steel, with the understanding that Mr. E. D. Meier, Chairman of Com- 
mittee E-2 would be invited to membership on Committee A-1 with a view of 
cooperating with the sub-committee on specifications for boiler materials. 
The Secretary stated that this proposed merger had been approved both by 
Committee A-1 and by Mr. Meier on behalf of Committee E-2. It was 
accordingly voted to approve this proposal. 

On motion it was decided to amend the last paragraph in the Regulations 
Governing Technical Committees, which now reads: 

“Discharge of Committees.—Technical committees may be discharged by 


the Executive Committee, either at their own request or with their consent, 


on the completion of the work for which they were appointed or in consequence 
of protracted inactivity.” 


to the following form: 


“‘Discharge of Committees—Technical committees may be discharged 
by the Executive Committee, either at their own request or with their consent, 
on the completion of the work for which they were appointed or in consequence 
of protracted inactivity. A technical committee which fails to present a 
report at three successive annual meetings of the Society will be required to 
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show cause why it should not be discharged in a written communication to the 
Executive Committee.’’, 

with the understanding that this proposed change shall be first submitted for 
approval by letter ballot to Committee E-5 on Rules Governing the Form 
but not the Substance of Specifications. 

The following resolution, adopted at the last annual meeting, on which 
action had been deferred at the previous meeting of the Executive Committee 
was considered: 

“That the Executive Committee be requested to consider the advisability 


of submitting the standard specifications of the Society to the criticism of 
counsel with a view to determining their legal soundness.” 


It was the sense of the meeting that the proposed action was inadvisable. 

The Secretary presented a circular letter under date of July 1 from the 
Secretary of the American Foundrymen’s Association in which the following 
course of action was recommended: 


1. To obviate the clerical labor involved in getting out a series of letters 
of introduction to applicants from other countries intending to visit our 
establishments (supposing them to have been properly accredited to us in 
the first place) but one general letter of introduction to be given, this to be 
retained by the holder until he finishes his tour. 

2. No general letter of introduction to be given unless the applicant 
brings with him an official assurance that the European establishment he 
represents will be open to inspection for American visitors in return. 

3. That letters accrediting visitors to our Societies should come prefer- 
ably through the secretaries of our European sister societies. 

It was the sense of the meeting that the recommendation in Paragraph 1 
was a question that should be left to the individual judgment of the various 
secretaries, and that the recommendation contained in Paragraph 3 did not 
seem to require action by the Executive Committee. It was decided to instruct 
the Secretary to be governed by the recommendation in Paragraph 2 in the 
matter of letters of introduction to visitors froma foreign countries, and to 
announce this action to the members of the American Society for Testing 
Materials in the next Circular to Members. 

The Secretary presented an invitation from the President and the Com- 
mittee of Organization of the Fifteenth International Congress on Hygiene 
and Demography to the American Society for Testing Materials to participate 
in that Congress. It was accordingly decided to appoint Mr. Rudolph Hering 
as the official delegate from the Society to that Congress. 

Mr. C. E. Skinner called attention to the important work undertaken by 
the Standards Committee of the American Institute of Electrical Engineers 
in cooperation with other societies. The Secretary was accordingly instructed 
to accept an invitation that may come to the Society from the American 
Institute of Electrical Engineers to cooperate in this work, on the condition 
that no recommendations from that Committee would be presented for 
adoption by letter ballot of the Society unless they had first received the 
approval of the Committee representing the Society in this matter. 


REGULAR MEETING, October 8, 1912.—Engineers’ Club, Philadelphia. 
Present: Mr. A. W. Gibbs, Vice-President; Mr. Richard Moldenke, Mr. 
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A. A. Stevenson, Mr. S. W. Stratton and Mr. G. W. Thompson, members 
of the Executive Committee; and Mr. Edgar Marburg, Secretary-Treasurer. 

The Secretary reported that favorable action had been taken on 44 
applications for membership, and that the Society had suffered the loss of 
one member by death, making the total membership on September 30, 1912, 
1549. 

The Secretary presented a report from a Committee of Tellers consisting 
of Mr. H. H. Quimby and Mr. W. P. Taylor on the letter ballot of the Society 
on the Standard Definitions proposed by Committee D-4 on Standard Tests 
for Road Materials, as follows: 


Number of afiemative votes 78 

Total number of votes cast.............. 101 


The Secretary reported that Committee E-5 on Regulations Governing 
the Form but not the Substance of Specifications had agreed by letter ballot 
to the amendment of the paragraph relating to ‘‘ Discharge of Committees,” 
proposed by the Executive Committee, by which the following sentence is 
added to that paragraph: 

A technical committee which fails to present a report at three successive 


annual meetings of the Society will be required to show cause why it should 
not be discharged in a written communication to the Executive Committee. 


The Secretary presented a letter signed by -the members of Committee 
D-3 on Standard Methods of Analysis of Fats and Oils, announcing that the 
general committee of which that committee had been a branch had been 
dissolved, and recommending their own discharge. On motion that recom- 
mendation was approved. 

The Secretary presented a letter from Mr. G. L. Norris, Chairman of 
Committee A-9 on Alloy Steels, to the effect that 14 out of 15 members of 
that committee had subscribed to the proposal that the committee be dis- 
charged. On motion the proposal for the discharge of Committee A-9 was 
approved. 

The Secretary announced the receipt of a letter from the Chairman of 
the Standards Committee of the American Institute of Electrical Engineers 
expressing his personal approval of the form of the proposed cooperation 
between his committee and a committee from the American Society for 
Testing Materials, and that formal action in the premises would be taken 
at an early meeting of the Standards Committee, to which the Society had 
been invited to send a representative. 

The Secretary called attention to a circular letter of protest addressed 
by Mr. Clifford Richardson to the members of the Executive Committee 
with reference to the letter ballot on Standard Definitions of Road Materials, 
in connection with which Mr. Richardson’s minority report had not been 
mailed to the members of the Society. 
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The Secretary was instructed to notify Mr. L. W. Page, the Chairman of 
Committee D-4 on Standard Tests for Road Materials, and also Mr. Clifford 
Richardson, a member of that Committee, that it was the desire of the Execu- 
tive Committee to have the Standard Definitions in question presented at 
the next meeting of the Society for further consideration. It was also agreed 
that at that time a recommendation should be offered on behalf of the Execu- 
tive Committee that no action shall be taken relative to the adoption of 
proposed Standard Definitions until the meeting following the publication 
of such proposed definitions in the Proceedings of the Society. 

The Secretary reported the following appointments by the President: 


As representatives of the Society at the Third International Conference of 
Rubbergoods Manufacturers, Chemists and Engineers, 


E. A. Barrier. 
E. B. Tilt. 
As representatives of the Society at the American Road Congress, 
A. H. Blanchard. R. S. Greenman. 
W. W. Crosby. Prévost Hubbard. 


Clifford Richardson. 


The Secretary presented an invitation from the American Road Builders’ 
Association for the appointment of three delegates to the annual convention 
of that Association to be held in Cincinnati, December 3-6, 1912. It was 
decided to accept this invitation. 

It was agreed that members joining the Society this year after July 1 
may pay one-half of the annual dues and receive the Proceedings and Year- 
Book, or that they may pay the full year’s dues and receive also a copy of the 
Sixth Congress Proceedings ef the International Association. 

The general question as to regulations designed to govern the acceptance 
and preprinting of papers was considered and it was decided: 

1. That authority for the acceptance of papers shall be vested in a 
Committee on Papers broadly representative of the principal interests in the 
Society, whose membership shall be subject to enlargement under the Regula- 
tions Governing Technical Committees. This committee will also cooperate 
in an advisory capacity with the Secretary in the preparation of the technical 
program for the meetings. The Secretary of the Society shall be the chairman 
of the committee. 

2. That this committee shall be authorized to draw up its own regulations 
which shall be subject to the approval of the Executive Committee. Any 
modifications in these regulations which may be proposed from time to time 
shall be similarly subject to the approval of the Executive Committee. 

3. That the following appointments be made on this committee: 


COMMITTEE ON PAPERS. 


Edgar Marburg (Chairman). Edgar Orton, Jr. 
H. C. Berry. L. W. Page. 

G. H. Clamer. A. A. Stevenson. 
R. L. Humphrey. A. N. Talbot. 


Richard Moldenke. S. S. Voorhees. 
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The above action was taken with the understanding that this committee 
will present its recommendations at the next quarterly meeting of the Execu- 
tive Committee and that they shall not become effective until they have been 
approved by the Executive Committee. 

It was decided that in view of the creation of the Committee on Papers, 
the present Standing Advisory Committees on Iron and Steel, on Cast Iron, 
on Cement and Concrete, on Brick and Terra-Cotta Products, on Preservative 
Coatings, and on Tests and Testing Apparatus be discharged. 


REGULAR MEETING, January 14, 1913.—Engineers’ Club, Philadelphia. 
Present: Mr. Robert W. Hunt, President; Mr. A. W. Gibbs and Mr. A. N. 
Talbot, Vice-Presidents; Mr. W. A. Bostwick, Mr. John B. Lober, Mr. 
Richard Moldenke, Mr. C. E. Skinner, Mr. A. A. Stevenson and Mr. G. W. 
Thompson, members of the Executive Committee: and Mr. Edgar Marburg, 
Secretary-Treasurer. 

The Secretary reported that favorable action had been taken on 40 
applications for membership, and that 15 members had resigned, making the 
total membership on January 1, 1913, 1574. 

The Secretary presented correspondence in which the question was 
raised whether a Junior Member, though under thirty years of age, might be 
classed as a full Member on the payment of the added dues of $5.00 per annum. 

It was decided that this arrangement could not be authorized since it is 
contrary to Section 2, Article I, of the By-laws, which reads ‘‘A Member shall 
be a person not less than thirty years of age,” etc. 

Mr. Stevenson in reporting on the desirability of appointing a new 
committee on alloy steels advised that the Executive Comnittee recommend 
to Committee A-1 the appointment of a sub-committee on alloy steel products. 
This suggestion was formally adopted. 

The Secretary presented some correspondence recommending that 
committees be authorized to announce their meetings in advance in the 
technical press, so that non-members desiring to participate in the discussions 
may attend such meetings. 

It was the sense of the meeting that it would be advisable to adhere to 
the present practice governing such matters by which non-members are 
privileged to attend committee meetings only on special invitation of the 
chairman of the committee concerned. 

It was decided that the Sixteenth Annual Meeting of the Society shall 
be held at the Hotel Traymore, Atlantic City, N: J., on June 24-28, 1913. 

' Mr. Edgar Marburg, as Chairman of Committee E-6 on Papers, presented 
on behalf of that committee a recommendation that the Executive Committee 
should authorize the publication of an announcement of the regulations 
governing papers, committee reports and discussions in the next circular to 
members. The proposed regulations were read and approved and their 
proposed publication authorized. 

The Secretary presented a letter calling attention to the apparent viola- 
tion of Paragraph 6 of the Charter in the present constitution of the Executive 
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Committee. The Secretary was instructed to obtain legal advice in this 
matter. 

The Secretary presented a letter under date of December 12, 1912, from 
the Secretary of the International Association, calling attention to Vice- 
President Mesnager’s recent proposals that the Council’s action at the Con- 
gress by which the dues were doubled should not become effective pending 
further consideration by the Council at its next meeting. 

The Treasurer reported that he did not feel authorized to delay issuing 
the bills for dues at the beginning of the fiscal year, January 1, by reason of 
this letter. It was the sense of the meeting, as expressed informally, that the 
Treasurer’s action in this matter was warranted. 


REGULAR MEETING, April 10, 1913.—Engineers’ Club, Philadelphia. 
Present: Mr. Robert W. Hunt, President; Mr. Richard Moldenke, Mr. C. E. 
Skinner and Mr. G. W. Thompson, members of the Executive Committee; 
and Mr. Edgar Marburg, Secretary-Treasurer. 

The Secretary reported that favorable action had been taken on 56 
applications for membership and that 46 members had resigned, making the 
total membership on April 1, 1913, 1584. 

The Secretary presented correspondence with several chairmen of techni- 
cal committees which resulted in the following action: 

C-2, On Reinforced Concrete. Committee to be continued. 

C-5, On Fireproofing Materials. Committee to be continued. 

D-9, On Insulating Materials. Committee to be continued. 


D-10, On Standardizing Explosives. Action to be deferred till after the 
annual meeting. 


E-4, On Analysis of Coal. Committee to be continued. 


Mr. Skinner presented a communication under date of March 3 from 
the Standards Committee of the American Institute of Electrical Engineers, 
notifying him that that committee had decided to present to the Board of 
Directors of the A. I. E. E. the following proposed by-law for their adoption: 

“The Standards Committee of the A. I. E. E. is instructed by the Board 
of Directors of the A. I. E. E. to take no action on any subject matter outside 
of the field of electrical and magnetic standardization and within the field of 
the Standard Committee of another National society, before coming to an 
agreement with the Standards Committee of that society, provided that the 
said society instructs its Standards Committee not to take action in electric 


or magnetic standardization before coming to an agreement with the Stan- 
dards Committee of the A. I. E. E.” 


It was stated in this communication that the Board of Directors will 
not be able to act upon this recommendation until their April meeting, but 
that “in order to avoid delay the Standards Committee urged that similar 
action be taken by your Society.”’ After considerable discussior it was 
decided to take favorable action on this proposed by-law with a view of 
embodying it among the Regulations Governing Technical Committees, 
provided that the words “‘coming to,’’ which appear twice, be changed in both 
instances to the single word ‘“‘seeking.’”’ Mr. Skinner was authorized to so 
advise the A. I. E. E. Standards Committee, 
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The Secretary reported that in pursuance of instructions received at the 
last meeting he had obtained legal advice to the meaning of Paragraph 6 of 
the Charter, to the effect that the interpretation heretofore placed upon this 
paragraph by the Executive Committee is correct. It had been pointed 
out that if the words ‘‘at least” be inserted between the words “of” and 
“six” in the second line of this paragraph the meaning would be perfectly 
clear, the intent being that the Executive Committee shall not consist of fewer 
than six members. 

The appointment of a Nominating Committee empowered to nominate 
officers and members of the Executive Committee to fill the vacancies after 
the next annual meeting was fully discussed and it was the sense of the meeting 
that it was desirable that this committee should not be a local one as hereto- 
fore. It was decided to make the following appointments on this committee: 


J. P. Snow, Boston, Chairman. 
Richard L. Humphrey, Philadelphia. 
D. W. McNaugher, Pittsburgh. 


The Secretary was authorized to announce on behalf of the Executive 
Committee the recornmendation that Section 5 of Article II of the by-laws, 
which was inserted last year to serve a temporary need, shall be stricken out. 

The Secretary presented a copy of the provisional program for the ap- 
proaching annual meeting which was approved as to its general features with 
respect to the proposed number and distribution of sessions, with the undere 
standing that the details will be left with power to Committee E-6 on Papers. 
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REPORT OF COMMITTEE A-1 
ON 
STANDARD SPECIFICATIONS FOR STEEL. 


The past year has been a very active one in the affairs 
of this committee. The great volume and variety of work 
has led to an increase in the membership of the committee 
from 70, at the last annual meeting, to 93, and the creation 
of four additional sub-committees on the following subjects: 
Spring Steel, Methods of Chemical Analysis, Methods of Tests, 
and Literary Form. The total number of sub-committees is now 
16. The committee has also been strengthened on the executive 
and administrative side by the appointment of Mr. C. D. Young 
as Second Vice-Chairman. 

The large and growing personnel of the committee has 
rendered it increasingly important that the membership should 
be limited only to those who find it possible to participate 
actively in its affairs. A plan is now under consideration by 
which others will hereafter be automatically retired from 
membership. 

In addition to the numerous meetings of sub-committees 
that have taken place during the past year the general committee 
has held four largely attended meetings covering nine sessions. 

The committee recommends that the fourteen specifications 
distinguished in the following list by italics be revised in accor- 
dance with the detailed recommendations contained in Appendix 
I of this report,' and that the nine proposed new standard 
specifications listed below and appended to this report? be 
adopted. The proposed revision of the specifications for 
Structural Steel for Ships has proved so drastic that it is 
recommended that these specifications be cancelled and that 
they be superseded by the proposed new specifications Nos. 26 
and 27. 
1 Pp. 67-95. 

2 Pp. 131-168. 
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The following is a complete list of the present standard 
and the proposed new specifications: 


— 


No 


13. 


14. 
15. 
16. 
17. 


18. 
19. 
20. 
21. 
22. 


23. 
24. 
25. 
26. 


COONAN PWN 


PRESENT STANDARD SPECIFICATIONS. 


For Bessemer Steel Rails. 
For Open-hearth Steel Rails. 
For Open-hearth Steel Girder and High Tee Rails. 


. For Steel Splice Bars. 

. For Structural Steel for Bridges. 

. For Structural Nickel Steel. 

. For Structural Steel for Buildings. 
. For Structural Steel for Ships. 


For Steel Reinforcing Bars. 

For Steel Axles. 

For Heat-Treated Carbon-Steel Axles, Shafts, and 
Similar Objects. 


. For Forged and Rolled, Forged, or Rolled Solid Carbon- 


Steel Wheels for Engine-Truck, ‘Tender and Passenger 
Service. 

For Forged and Rolled, Forged, or Rolled Solid Carbon- 
Steel Wheels for Freight-Car Service. 

For Steel Tires. 

For Steel Forgings. 

For Steel Castings. 

For Lap-Welded and Seamless Steel Boiler Tubes and 
Safe Ends, 25 in. in Diameter and under. 

For Automobile Carbon and Alloy Steels. 

For Boiler and Firebox Steel. 

For Boiler Rivet Steel. 

For Annealed Steel Forgings. 

For Steel Shapes, Universal Mill Plates, and Bars. 


PROPOSED NEW STANDARD SPECIFICATIONS. 


For Medium-Carbon Steel Splice Bars. 
For High-Carbon Steel Splice Bars. 

For Extra-High-Carbon Steel Splice Bars. 
For Structural Steel for Ships. 

For Rivet Steel for Ships. 
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ProposED NEW STANDARD SPECIFICATIONS (Conlinued). 


28. For Rail-Steel Concrete Reinforcement Bars. 

29. For Cold-Rolled Steel Axles. 

30. For Wrought Solid Carbon-Steel Wheels for Electric 
Railway Service. 

31. For Blooms, Billets and Slabs for Carbon-Steel Forgings. 


Note.—Reference in Appendix I to these specifications 
will be made in accordance with the above scheme of enumeration. 


SPECIAL ANNOUNCEMENTS. 


Specifications for Rails.—In its report last year the com- 
mittee announced its purpose to give careful consideration dur- 
ing the ensuing year to the revision of the specifications for rails, 
and its expectation to cooperate, in that connection, with com- 
mittees of other societies with a view of presenting the best 
possible recommendations at this meeting. The conditions dur- 
ing the past year have been such, however, as to render it inex- 
pedient, in the judgment of the committee, to proceed in this 
matter to the extent of preparing proposed revisions of these 
specifications. Asis well known, much serious study has recently 
been given to this subject in outer circles with the results of 
which the committee has kept in close touch. It is hoped that 
during the ensuing year the conditions will be such as to 
warrant the preparation of revised Standard Specifications for 
Bessemer and Open-hearth Steel Rails. 

Wrought Steel Wheels——An important experimental inves- 
tigation on wrought steel wheels has been conducted during the 
past year at Altoona under the auspices of this committee, 
through its Sub-Committee VII on Rolled Steel Wheels and 
Steel Tires, and under the immediate direction of a special sub- 
committee on tests, of which Mr. G. Aertsen is chairman. The 
results of these tests are embodied in Appendix III to this report.! 

Certain proposed revisions in the present Standard Speci- 
fications for Wrought Steel Wheels for Passenger and Freight 
Service have received careful attention at the hands of the sub- 
committee, but it was eventually decided to recommend no 
changes in these specifications at this meeting. 


Pp. 126-130, 


| 
| 
| 
| 
| 
| | 
| 
\ 
| 
| 
| 
| \ 
| 
| 
| 
| 


On STANDARD SPECIFICATIONS FOR STEEL. 61 


Steel Forgings.—Several joint meetings of the various sub- 
committees interested in steel forgings have been held during 
the year with a view of preparing proposed revised general Stand- 
ard Specifications for Forgings, but since it was not found 
possible to reach a unanimous agreement, it was decided to 
present no report at this time. This joint committee will con- 
tinue its labors during the ensuing year in the expectation of 
presenting a definite report at the next annual meeting. 

Heat-Treated Carbon-Steel Axles, etc—It was the intention 
of the committee to merge the present Standard Specifications 
for Heat-Treated Axles, etc., with the proposed gencral speci- 
fications for forgings above referred to, but for reasons just 
stated it will be necessary to defer any recommendations con- 
cerning these specifications until the next annual meeting. 

New Subjects—The appropriate sub-committees have 
recently been instructed to report to the general committee on 
proposed Standard Specifications for (1) Structural Steel for 
Cars, (2) Steam Pipes, and (3) Rerolling Blooms. 

The standardization of methods of chemical analysis of steel 
has also been entrusted toa newly created sub-committee which 
has been quite active but which has not yet found it possible to 
present a definite report. Similarly, certain questions relating 
to standard test specimens are under consideration by a special 
sub-committee. 


PROPOSED REVISIONS IN PRESENT STANDARD SPECIFICATIONS. 


The proposed revisions of the present standard specifica- 
tions are indicated in full detail in Appendix I. Attention will 
be called here to only certain leading features: of the proposed 
revisions. 

In pursuance of authorization given to Committee A-1 at 
the last annual meeting, many of the specifications have been 
carefully revised as to form, as distinguished from substance, 
with a view of clearness and consistency. Since these changes 
require no action on the part of the Society they are not covered 
in detail in this report. 

Many of the revisions recommended in this report have been 
made in order to avoid undesirable repetition or inconsisten- 
cies in the present specifications. 
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2 plice Bars.—It is recommended that the title of the present 
‘specifications for ‘Steel Splice Bars” be changed to “Low- 
Carbon Steel Splice Bars” in conformity with the proposed three 
new specifications for splice bars. The other changes recom- 
mended in these specifications are offered mainly with a view 
of making these specifications consistent with the proposed new 
specifications. 

Structural Steel for Bridges.—In pursuance of a resolution at 
the last annual meeting the question of introducing definite 
requirements as to yield point, instead of merely requiring that 
its value should be reported, has been considered; and it is 
recommended that a minimum value of one-half the ultimate 
| tensile strength be required for the yield point. 
| It is further recommended that the requirements for cast- 
ings shall hereafter not be embodied in these specifications, but 
that reference shall be made in that connection to the Standard 
Specifications for Steel Castings. 

Reinforcing Bars.—It is recommended that the title of these 
specifications be changed from the present form, ‘Steel Rein- 
forcing Bars,” to “Billet-Steel Concrete Reinforcement Bars,” 
in order to differentiate them definitely from the proposed new 
Specifications for Rail-Steel Concrete Reinforcement Bars. 

Steel Axles —These specifications have been revised with a 
view of making them applicable to carbon-steel car and tender 
axles, subject only to drop-test requirements. The committee 
intended to make provision for.carbon-steel driving axles sub- 
ject to tension tests and not to drop tests in connection with 
proposed new specifications for carbon-steel forgings. However, 
for reasons above stated in reference to steel forgings, it has been 
found necessary to defer the presentation of a report on these 
specifications till the next annual meeting. 

In the revised specifications all reference to nickel-steel 
driving axles has been omitted. 

Steel Castings.—The Specifications for Steel Castings have 
been thoroughly revised and extended with a view of making 
specific provision for castings intended for use in ship construc- 
tion and in railway rolling stock construction. 

Steel Tubing.—These specifications have been revised to 
agree with the specifications presented at the recent convention 
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of the Master Mechanics Association, Sub-Committee X on 
Steel Tubing having kept in close touch with the appropriate 
committee of that Association in the consideration of these 
specifications." 

Annealed Steel Forgings.—It is recommended that the title 
of these specifications, which form part of the standard specifica- 
tions for locomotive materials, be changed from ‘ Annealed 
Steel Forgings” to ‘Steel Forgings,” inasmuch as the changes 
recommended include provision for unannealed forgings. 


ProposED NEW STANDARD SPECIFICATIONS. 


Splice Bars——-The committee recommends the adoption 
of three proposed new standard specifications for Medium- 
Carbon, High-Carbon, and Extra-High-Carbon Steel Splice 
Bars, coupled with the recommendation previously mentioned 
that the present Standard Specifications for Splice Bars in 
their proposed revised form shall be known as “Standard 
Specifications for Low-Carbon Steel Splice Bars.”’ 

The sub-committee on specifications for splice bars was 
unable to reach a unanimous agreement on the subject of camber. 
It was accordingly decided to make no change in this report 
in the present allowable camber of ;'g¢ in. in 24 in., with the 
understanding that the sub-committee will make further efforts 
towards reaching an agreement in time for presentation at this 
meeting.” 

. Structural Steel and Rivet Steel for Ships.—As previously 
stated, the committee recommends that the present Standard 
Specifications for Structural Steel for Ships be cancelled and 
that they be substituted by the proposed new specifications for 
(1) Structural Steel for Ships, and (2) Rivet Steel for Ships. 

The sub-committee which reported on these specifications 
found itself unable to reach an agreement upon the proposed 
revision of the table of permissible variations in weight and 
gage. It was accordingly decided to recommend that these 


1 Committee A-1 was authorized by the meeting to make further revisions in these speci- 
fications (see pp. 21-22). These have been incorporated into this report, so that the revisions 
given on pp. 84-86 are in their finally adopted form.—Eb. 

* The sub-committee was unable to reach an agreement, and by action of the meeting 
Committee A-1 was instructed to report on this question at the next annual meeting.—Eb. 
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specifications as here submitted be referred to letter ballot 
of the Society in anticipation of an agreement during the ensuing 
year as to the revision of the table in question, which would then 
be presented at the next annual meeting. 

No provisions for castings to be used in the construction 
of ships have been made in the proposed new specifications, 
inasmuch as such provision has been made, as previously stated, 
in the revised Specifications for Steel Castings. An appropriate 
footnote to this effect has been appended to these specifications. 

Rail-Steel Concrete Reinforcement Bars.—An elaborate experi- 
mental investigation on the physical properties of rail-steel 
concrete reinforcement bars has been conducted during the 
past year under the auspices of Committee A-1, acting through 
its Sub-Committee V on Steel Reinforcing Bars, and under 
the immediate direction of Prof. W. K. Hatt. The results 
of this important investigation, in the form of a condensed 
report (Appendix IT)', will be presented to the Society at this 
meeting by Professor Hatt. In consequence of the facts devel- 
oped by this inquiry the committee recommends the adoption 
of the standard specifications appended to this report (pages 
153-155). 

Cold-Rolled Steel Axles.—In the report on proposed Standard 
Specifications for Cold-Rolled Steel Axles at the last annual 
meeting, the committee recommended that these specifications 
be printed in the Proceedings but that they be not submitted 
to letter ballot for adoption by the Society. These specifica- 
tions (pages 156-159) are now recommended for adoption as 
standard specifications by the Society with the following 
modifications 


1. Section 4 |proposed Sections 4 and 5].—Change to the 
following Sections 4 and 5 on “Ladle Analyses” and “Check 
Analyses,”’ respectively: 


“4. An analysis shall be made by the manufacturer 
from a test ingot taken during the pouring of each melt, 
a copy of which shall be given to the purchaser or his 


1 Pp. 96-125. 

2 The specifications in their present form appear in the Proceedings, Am. Soc. Test. 
Mats., Vol. XII, p. 48 (1912). -The section numbers in italics in the following list of 
modifications are the present numbers. 
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representative. This analysis shall conform to the require- 
ments specified in Section 3. 

“5. Analyses may be made by the purchaser from an 
axle representing each melt,.which shall conform to the 
requirements specified in Section 3. Drillings for analysis 
shall be taken from the axle or from the full-size prolonga- 
tion of the same, at any point midway between the center 
and surface.” 


2. Section 6 [proposed Section 7].—Change to read: 


“7, The test specimen shall bend cold through 180 
deg. around a 1-in. pin or mandrel without cracking on the 
outside of the bent portion.” 


3. Omit Fig. 1, and change “Fig. 2” to “Fig. 1.” 


4. Section 7 (b) [proposed Section 8 ()|.—Change the last 
sentence to read: 


“Bend test specimens shall be } in. square in section 
with corners rounded to a radius not over 5 in., and need 
not exceed 6 in. in length.” 


5. Insert the following new Section 9 (6) under “Number 
of Tests’’: 


“‘(b) If any test specimen shows defective machining 
or develops flaws, or if a tension test specimen breaks out- 
side the gage length, it may be discarded and another 
specimen substituted.” 


6. Section 9 [proposed Section 10].—Change to read: 


“10. The axles shall conform to the sizes and shapes 
specified by the purchaser, and shall not vary more than 
0.002 in. from the diameter specified. When centered, 
60-deg. centers shall be used with clearance drilled for the 
points.” 


7. Section 11 [proposed Section 12].—Change to read: 


“12. Identification marks shall be legibly stamped on 
each axle, and on each test specimen. Unless otherwise 


specified, such marks shall be stamped at about the middle 
of the length of the axle.” 
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8. Further proposed general changes affecting these as well 
as other specifications are given under “‘General Changes,’ in 
the items designated as follows: 

(a) Section 1 (a).—Item No. 2. 

(b) Section 2.—Item No. 3. 

(c) Section 6 (b).—Item No. 6. 

(d) Section 10 |proposed Section 11].—Item No. 8. 


Respectfully submitted on behalf of the committee, 


Wm. R. WEBSTER, 


Chairman. 
EpGAR MARBURG, 


Secretary. 


Nortes.--l. For the action taken on this report at the 
meeting, see pp. 21-23. 

2. The proposed revisions recommended in fourteen present 
specifications, and the nine proposed new specifications, were 
adopted by letter ballot of the Society on August 25,1913. The 
former specifications in their amended form appear in the Year- 
Book for 1913; the latter appear in the Year-Book and also in 
these Proceedings, pp. 131-168.—Eb. 


[For discussion of this report, see pp. 169-182.—Eb.] 


1 Appendix I, pp. 93-95. 
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APPENDIX I. 


PROPOSED CHANGES IN PRESENT STANDARD 
SPECIFICATIONS FOR STEEL. 


In this appendix are given in detail the changes recom- 
mended in fourteen of the present standard specifications for steel 
and steel products. Changes which are purely matters of 
wording and phraseology, made by authorization given the com- 
mittee at the last annual meeting, are not mentioned. The 
changes have been divided into two kinds: “specific changes” 
applying to individual specifications and “general changes” to 
be made in all specifications to which they apply. The specific 
changes are noted under the titles of the respective specifications. 
The reference to specifications by number is made throughout 
in conformity with the scheme of enumeration in the body of 
this report. The general changes are indicated at the end of 
this appendix.!' After each change is given a list (by numbers) 
of the specifications and the proposed new number (in italics) 
of the section in which that change has been made. Where 
the effect of a change is the omission of an entire section, 
the number of the section which disappears is not given. 

In order to have under one heading a complete list of the 
changes proposed in any specification, there is given in the 
last item under each specification a list of the sections in which 
general changes are proposed, together with the item numbers 
under “ General Changes”’ in which those changes may be found. 

After the title of each specification is given its page number 
in the 1912 Year-Book, where the specification appears in its 
present standard form. The section numbers in italics refer 
to the specifications as there printed; the proposed new section 
numbers, where they differ from the present numbers, are given 


in brackets. If the change in a section is only one of numbering, 
it has not been noted. 


1Pp. 93-95. 
(67) 
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SPECIFICATION No. 4.—STEEL Splice Bars (page 127). 


1. Title-—Change to read: 
“Standard Specifications for Low-Carbon Steel Splice 
Bars.” 
2. Section 1.—Change to read: 
“The steel may be made by the Bessemer, open-hearth, 
‘or any other process approved by the purchaser.” 


3. Section 2.—Change the requirement as to chemical 


composition to: 


Phosphorus PT not over 0.10 per cent 


4. Section 3.—Change to read: 


“An analysis to determine the percentages of carbon, 
manganese, phosphorus and sulphur shall be made by the 
manufacturer from a test ingot taken during the pouring of 
each melt, a copy of which shall be given to the purchaser 
or his representative. This analysis shall conform to the 
requirements specified in Section 2.” ; 


5. Insert the following new Section 4 on “‘Check Analyses’”’: 


“4, Analyses may be made by the purchaser from 
finished splice bars representing each melt, in which case an 
excess of 25 per cent above the requirements specified in 
Section 2 shall be allowed.” 


6. Section 4 [proposed Section 5].—In Paragraph (a), omit 


the requirement as to yield point. Omit Paragraph (6). 


7. Sections 8 and 10 [proposed Sections 9 and 11].—Change 


to read as in Specification No. 23, proposed Standard Specifica- 
tions for Medium-Carbon Splice Bars, as follows: 


“9. The splice bars shall be smoothly rolled, true to 
templet, and shall accurately fit the rails for which they are 
intended. The bars shall be sheared to length, and the 
punching and notching shall conform to the dimensions 
specified by the purchaser. A variation of #5 in. from the 
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specified size and location of holes, and of § in. from the 
specified length of splice bar, will be permitted. Any varia- 
tion from a straight line in a vertical plane shall be such as 
will make the bars high in the center. The maximum 
camber in either plane shall not exceed 7 in. in 24 in.” 

“11. The name or brand of the manufacturer and the 
year of manufacture shall be rolled in raised letters and 
figures on the side of the rolled bars, and a portion of this 
marking shall appear on each finished splice bar.” 


8. Further proposed general changes affecting these as 
well as other specifications are given under “General Changes”’ 
in the items designated as follows: 


(a) Section 5 (b).—Item No. 6. 

(b) Section 7 (b) [proposed Section 8 (b)].—Item No. 7. 

(c) Section 9 [proposed Section 10].—Item No. 8. 

(d) Section 11 [proposed Section 12].—Item No. 9. 

(e) Proposed new Sections 13 and 14.—Items Nos. 10 and 11. 


SPECIFICATION No. 5.—STRUCTURAL STEEL FOR BRIDGES 
(page 129). 
1. Omit.the requirements as to castings [as given in Sections 
2, 5, 10 (c), 12 (d), and 14 (68) J, and insert the following new 
Section 1 on “Steel Castings:” 


“1. The Standard Specifications for Steel Castings 
adopted by the American Society for Testing Materials. 
are hereby made a part of these specifications, and shall 
govern the purchase of steel castings for bridges.”’ 


with the following footnote: 


“Tn using the Standard Specifications for Steel Castings 
for the purchase of castings for bridges, it is necessary to 
specify both the class and grade of castings desired.” 


2. Sections 3 and 4 [proposed Sections 4 and 5].—Change 
to read: 


“4, An analysis to determine the percentages of carbon, 
manganese, phosphorus and sulphur shall be made by the 
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manufacturer from a test ingot taken during the pouring of 
each melt, a copy of which shall be given to the purchaser or 
his representative. This analysis shall conform to the 
requirements specified in Section 3. 

“5. Analyses may be made by the purchaser from 
finished material representing each melt, in which case an 
excess of 25 per cent above the requirements specified in 
Section 3 shall be allowed.” 


3. Section 5 [proposed Section 6].—Change to read: 


“6. (a) The material shall conform to the following 
requirements as to tensile properties: 


Properties Considered Structural Rivet 
Steel. Steel. 
Yield point, min., ' 0.5 tens. str. 0.5 tens. str. 
Elongation in 8 in., min., per cent ............00++- 1 500 000¢ 1 500 000 
Tens. str. Tens. str. 
Elongation in 2 in., min., per 22 


@ See Section 7. 


“(b) The yield point shall be determined by the drop 
of the beam of the testing machine.” 


4. Sections 6, 7, and 9.—Omit. 


5. Section 10 [proposed Section 8].—Change to read: 


“8. (a) The test specimen for plates, shapes, and bars 
shall bend cold through 180 deg. without cracking on the 
outside of the bent portion, as follows: For material ? in. or 
under in thickness, flat on itself; for material over ? in. to 
and including 1} in. in thickness, around a pin the diameter 
of which is equal to the thickness of the specimen; and for 
material over 1} in. in thickness, around a pin the diameter 
of which is equal to twice the thickness of the specimen. 

“(b) The test specimen for pins and rollers shall bend 
cold through 180 deg. around a 1-in. pin without cracking on 
the outside of the bent portion. , 

“(c) The test specimen for rivet steel shall bend cold 
through 180 deg. flat on itself without cracking on the out- 
side of the bent portion.” 
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6. Section 12 [proposed Section 10].—Change to read: 


“10. (a) Tension and bend test specimens shall be 
taken from the finished rolled or forged material, and shall 
not be annealed or otherwise treated, except as specified in 
Paragraph (0). 

“(b) Tension and bend test specimens for material 
which is to be annealed or otherwise treated before use, shall 
be cut from properly annealed or similarly treated short 
lengths of the full section of the piece. 

“(c) Tension and bend test specimens for plates, shapes 
and bars, except as specified in Paragraph (d), shall be of 
the full thickness of material as rolled. They may be ma- 
chined to the form and dimensions shown in Fig. 1, or with 
both edges parallel; except that bend test specimens for 
eye-bar flats may have three rolled sides. : 

“‘(d) Tension and bend test specimens for plates and 
bars (except eye-bar flats) over 1} in. in thickness or diam- 
eter may be machined to a thickness or diameter of at 
least in. for a length of at least 9 in. 

“(e) The axis of tension and bend test specimens for 
pins and rollers shall be 1 in. from the surface and parallel 
to the axis of the bar. Tension test specimens shall be of 
the form and dimensions shown in Fig. 2. Bend test 
specimens shall be 1 by 3 in. in section. 

‘““(f) Tension and bend test specimens for rivet steel 
shall be of the full-size section of bars as rolled.” 


7. Section 13.—Omit; embodied in proposed Section 10 (a) 


and (6) [see item No. 6 above]. 


8. Section 14 (a) [proposed Section 11 (a)].—Change to read: 


‘11. (a) One tension and one bend test shall be made 
from each melt; except that if material from one melt 
differs 2 in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest 
material rolled.” 


9. Insert the following new Section 11 (0) under ‘‘ Number 


of Tests”: 


“(b) If any test specimen shows defective machining 
or develops flaws, or if an 8-in. tension test specimen breaks 
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outside the middle third of the gage length, or if a 2-in. 
tension test specimen breaks outside the gage length, it 
may be discarded and another specimen substituted.” 


10. Section 15.—Omit. 


11. Section 17 [proposed Section 13].—Omit the sentence: 


“Plates 36 in. in width and under shall have rolled 
edges.” 


12. Section 18 [proposed Section 14].—Change to read: 


“14, The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small 
sections shall, when loaded for shipment, be properly sepa- 
rated and marked for identification. The identification 
marks shall be legibly stamped on the end of each pin and 
roller. The melt number shall be legibly marked, by 
stamping if practicable, on each test specimen.” 


13. Section 19 (a).—Omit. 


14. Section 20 [proposed Section 16 (6)|.—Change to read: 


*“*(b) Material which shows injurious defects subsequent 
to its acceptance at the manufacturer’s works will be 
rejected, and the manufacturer shall be notified.” 


15. Further proposed general changes affecting these as well 


as other specifications are given under “General Changes”’ in 
the items designated as follows: 


(a) Section 10 (d).—Item No. 6. 

(b) Section 17 [proposed Section 13].—Item No. 8. 

(c) Section 19 (b) [proposed Section 15].—Item No. 9. 
(d) Proposed new Sections 16 (a) and 17.—Item No. 10. 


SPECIFICATION No. o.—STRUCTURAL NICKEL STEEL (page 135). 


1. Section 2.—Change to read: 


“A sufficient discard shall be made from each ingot 
intended for eye bars to secure freedom from injurious 
piping and undue segregation,” 
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2. Section 6.—(a) Change the heading of column 3 of the 


table to read: “Plates, Shapes and Bars.” 


(b) Change “‘Bars”’ in the headings of the last two columns 


to “Eye Bars.” 


(c) In footnote (a) change “‘bars”’ to ‘‘eye bars.” 


3. Section 12.—Change to read: 


“(a) Tension and bend test specimens shall be taken 
from the finished rolled or forged material. Specimens for 
pins shall be taken after annealing. 

“(b) Tension and bend test specimens for plates, 
shapes and bars, except as specified in Paragraph (c), shall 
be of the full thickness of material as rolled. They may 
be machined to the form and dimensions shown in Fig. 1, 
or with both edges parallel; except that bend test speci- 
mens shall not be less than 2 in. in width, and that bend 
test specimens for eye-bar flats may have three rolled 
sides. 

“(c) Tension and bend test specimens for plates and 
bars (except eye-bar flats) over 1} in. in thickness or 
diameter may be machined to a thickness or diameter of 
at least ? in. for a length of at least 9 in. 

“(d) The axis of tension and bend test specimens for 
pins and rollers shall be 1 in. from the surface and parallel 
to the axis of the bar. Tension test specimens shall be of 
the form and dimensions shown in Fig. 2. Bend test speci- 
mens shall be 1 by 3 in. in section. 

“(e) Tension and bend test specimens for rivet stee1 
shall be of the full-size section of bars as rolled.” 


- 4, Section 13 [proposed Section 13 (a)].—(a) Change the 


first two sentences to read: 


“One tension and one bend test shall be made from each 
melt; except that if material from one melt differs ? in. or 
more in thickness, one tension and one bend test shall be 


made from both the thickest and the thinnest material 
rolled.” 


(b) Omit the last sentence: “No material under 3% in. in - 
thickness will be used.” 
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5. Insert the following new Section 13 (0): 


“‘(b) If any test specimen shows defective machining or 
develops flaws, or if an 8-in. tension test specimen breaks 
outside the middle third of the gage length, or if a 2-in. 
tension test specimen breaks outside the gage length, it may 
be discarded and another specimen substituted.” 


6. Section 14.—Insert under “(a) When Ordered to Weight”’ 
the following: 


“For plates under 12} Ib. per sq. ft.: 
Under 75 in. in width, 2.5 per cent above or below the 
specified weight; 
75 to 100 in., exclusive, in width, 5 per cent above 
or 3 per cent below the specified weight; 
100 in. in width or over, 10 per cent above or 3 per 
cent below the specified weight.”’, 


and expand the table of allowable excess in weight to include 
thicknesses from § in. up—that is, replace the present table with 
the one as printed in Specification No. 5, Structural Steel for 
Bridges. 


7. Section 16.—Change to read: 


“The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all fin- 
ished material, except that rivet and lattice bars and other 
small sections shall, when loaded for shipment, be properly 
separated and marked for identification. The identifica- 
tion marks shall be legibly stamped on the end of each pin 
and roller. The melt number shall be legibly marked, by 
stamping if practicable, on each test specimen.” 


8. Further proposed general changes affecting these as 
well as other specifications are given under ‘‘ General Changes”’ 
in the items designated as follows: 


(a) Section 5.—Item No. 5. 

(b) Section 9 (d).—Item No. 6. 

(c) Section 15.—Item No. 8. 

(d) Section 17.—-Item No. 9. 

(e) Proposed new Sections 18 and 19.—Items Nos. 10 and 11. 
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SPECIFICATION No. 7.—StTRUCTURAL STEEL FOR BUILDINGS 
(page 141). 
1. Section 2.—Insert a requirement for sulphur for rivet steel 
of ‘‘not over 0.045 per cent.” 


2. Insert the following new Section 4 on “Check Analyses”’: 


“4. Analyses may be made by the purchaser from fin- 
ished material representing each melt, in which case an excess 
of 25 per cent above the requirements specified in Section 2 
shall be allowed.” 


3. Section 4 (a) [proposed Section 5 (a)].—Insert a require- 
ment for “‘minimum elongation in 2 in.” for structural steel of 
“22 per cent.” 


4. Sections 5 and 7.—Omit. 


5. Section 8 [proposed Section 7].—Change to read: 


“7. (a) The test specimen for plates, shapes and bars 
shall bend cold through 180 deg. without cracking on the 
outside of the bent portion, as follows: For material ? in. 
or under in thickness, flat on itself; for material over 
3 in. to and including 1} in. in thickness, around a pin the 
diameter of which is equal to the thickness of the speci- 

men; and for material over 1} in. in thickness, around a 

) pin the diameter of which is equal to twice the thickness 
of the specimen. 

“‘(b) The test specimen for pins and rollers shall bend 
cold through 180 deg. around a 1-in. pin without cracking 
on the outside of the bent portion. 

“(c) The test specimen for rivet steel shall bend cold 
through 180 deg. flat on itself without cracking on the 
outside of the bent portion.” 


6. Section 9 [proposed Section 8].—Change to read: 


“8. (a) Tension and bend test specimens shall be taken 
from the finished rolled or forged material, and shall not 
be annealed or otherwise treated, except as specified in 

Paragraph (0). 
“(b) Tension and bend test specimens for material 
which is to be annealed or otherwise treated before use, 
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shall be cut from properly annealed or similarly treated 
short lengths of the full section of the piece. 

“(c) Tension and bend test specimens for plates, 
shapes and bars, except as specified in Paragraph (d), shall 
be of the full thickness of material as rolled; and may be 
machined to the form and dimensions shown in Fig. 1, or 
with both edges parallel. 

“‘(d) Tension and bend test specimens for plates and 
bars over 1} in. in thickness or diameter may be machined 
to a thickness or diameter of at least } in. for a length of 
at least 9 in. 

“(e) The axis of tension and bend test specimens for 
pins and rollers shall be 1 in. from the surface and parallel 
to the axis of the bar. Tension test specimens shall be of 
the form and dimensions shown in Fig. 2. Bend test 
specimens shall be 1 by 3 in. in section. 

“(f) Tension and bend test specimens for rivet steel 
shall be of the full-size section of bars as rolled.” 


7. Insert Fig. 2, showing the standard 2-in. tension test 


specimen. 


8. Section 10—Omit; embodied in proposed Section 8 (a) 


and (b) [see item No. 6 above]. 


9. Section 11 [proposed Section 9].—Change to read: 


“9. (a) One tension and one bend test shall be made 
from each melt; except that if material from one melt 
differs ? in. or more in thickness, one tension and one bend 
test shall be made from both the thickest and the thinnest 
material rolled. 

“(b) If any test specimen shows defective machining 
or develops flaws, or if an 8-in. tension test specimen breaks 
outside the middle third of the gage length, or if a 2-in. 
tension test specimen breaks outside the gage length, it 
may be discarded and another specimen substituted.” 


10. Section 12.—Omit. 


11. Section 15 [proposed Section 12].—Change to read: 


‘12. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all fin- 
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ished material, except that rivet and lattice bars and other 
small sections shall, when loaded for shipment, be properly 
separated and marked for identification. The identifica- 
tion marks shall be legibly stamped on the end of each pin 
and roller. The melt number shall be legibly marked, by 
stamping if practicable, on each test specimen.” 


12. Further proposed general changes affecting these as 


well as other specifications are given under “General Changes”’ 
in the items designated as follows: 


(a) Section 3.—Item No. 4. 

(b) Section 8 (c).—Item No. 6. 

(c) Section 14 [proposed Section 11].—Item No. 8. 

(d) Section 16 |proposed Section 13].—Item No. 9. 

(e) Proposed new Sections 14 and 15.—Items Nos. 10 and 11. 


SPECIFICATION No. 9.—STEEL REINFORCING Bars (page 161). 


1. Title—Change to read: 


“Standard Specifications for Billet-Steel Concrete Re- 
inforcement Bars.” 


2. Section 12 (a).—Change to read: 


“One tension and one bend test shall be made from 
each melt of open-hearth steel, and from each melt, or lot 
of ten tons, of Bessemer steel; except that if material from 
one melt differs 3 in. or more in thickness or diameter, one 
tension and one bend test shall be made from both the 
thickest and the thinnest material rolled.” 


3. Section 13.—Omit. 


4. Section 16 [proposed Section 15].—Add the following 


sentence: 


“15, All tests (except check analyses) and inspection 
shall be made at the place of manufacture prior to shipment, 
unless otherwise specified, and shall be so conducted as not 
to interfere unnecessarily with the operation of the works.” 
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5. Further proposed general changes affecting these as 
well as other specifications are given under ‘‘ General Changes” 
in the items designated as follows: 


(a) Section 6.—Item No. 4. 

(b) Section 7.—Item No. 5. 

(c) Section 10 (b).—Item No. 6. 

(d) Section 12 (b).—Item No. 7. 

(e) Section 15 [proposed Section 14].—Item No. 8. 

(f) Proposed new Sections 16 and 17.—Items Nos. 10 and 11. 


SPECIFICATION No. 10.—StTEEL AXLEs (page 165). 
1. Title—Change to read: 
“Standard Specifications for Carbon-Steel Car and 
Tender Axles.” 
2. Sections 1 and 2.—Omit. 


3. Section 4 [proposed Section 2].—Change the requirements 
as to chemical composition to read: 


4. Section 5 [proposed Sections 3 and 4].—Change to the 
following Sections 3 and 4 on “Ladle Analyses” and ‘‘Check 
Analyses”’, respectively: 


“3. An analysis shall be made by the manufacturer 
from a test ingot taken during the pouring of each melt, 
a copy of which shall be given to the purchaser or his 
representative. This analysis shall conform to the require- 
ments specified in Section 2. 

“4, Analyses may be made by the purchaser from an 
axle representing each melt, which shall conform to the 
requirements specified in Section 2. Drillings for analysis 
shall be taken from the axle or from the full-size prolongation 


of the same, at any point midway between the center and 
surface.” 
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5. Section 6.—Omit. 


6. Section 7 [proposed Section 5].—(a) Omit the sentence: 
“The car and tender-truck axles shall conform to the following 
drop test requirements.” 

(b) After “‘fifth”’, line 6, insert ‘‘and seventh.” 

(c) In the table, change the last three figures in the last 
column—8, 7 and 54—to 73, 63 and 5, respectively. 

(d) Add the following requirements to the table: 


Distance between supports, ft................... 3 
Max. deflection after first blow, in............... 34 


7. Section 9.—Omit. 


8. Section 10 [proposed Section 7].—Change to read: 
“7, One drop test shall be made from each melt.” 


9. Section 11 [proposed Section 8].—Change to read: 


“8. The axles shall conform to the sizes and shapes 
specified by the purchaser. When centered, 60-deg. centers 
shall be used with clearance drilled for the points.” 


10. Section 13 [proposed Section 10].—Change to read: 


“10. Identification marks shall be legibly stamped on 
each axle; but such marks shall not be stamped at any point 
on the body of the axle between the rough collars.” 


11. Further proposed general changes affecting these as 
well as other specifications are given under “‘General Changes” 
in the items designated as follows: 


(a) Section 12 [proposed Section 9].—Item No. 8. 
(b) Section 14 [proposed Section 11].—Item No. 9. 
(c) Proposed new Sections 12 and 13.—Items Nos. 10 and 11. 
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SPECIFICATION No. 14.—STEEL TirEs (page 184). 


1. Section 5 (a) and (b) [proposed Sections 5 and 6].—Replace 
by the following Sections 5 and 6 on “Ladle Analyses” and 
“Check Analyses,”’ respectively: 


“5. An analysis to determine the percentages of carbon, 
manganese, phosphorus, sulphur and silicon shall be made by 
the manufacturer from a test ingot taken during the pour- 
ing of each melt, a copy of which shall be given to the 
purchaser or his representative. This analysis shall conform 
to the requirements specified in Section 4. 

“6. Analyses may be made by the purchaser from a 
tire or a tension test specimen representing each melt, which 
shall conform to the requirements as to phosphorus and 
sulphur specified in Section 4.” 


2. Section 8 (a) [proposed Section 9 (a)].—Change the first 
sentence to read: 


“Tension test specimens shall be taken from test bars 
which shall receive as nearly as practicable the same amount 
of work as the tires which they represent.” 


3. Section 8 (b) [proposed Section 9 (0)].—Omit “cold,” 
line 2. 


4. Section 9 [proposed Section 10].—Change to read: 


“10. The drop test tire shall be selected by the inspec- 
tor, and furnished at the expense of the purchaser if it con- 
forms to the requirements specified.” 


5. Section 11 [proposed Section 12].—Change to read: 


“12. If the results of the physical tests of any meit do 
not conform to the requirements specified, retests on twe 
additional tires from the same melt may be made at the 
expense of the manufacturer, each of which shall conform to 
the requirements specified.” 


6. Section 13 |proposed Section 14].—Change to read: 


“14. The tires shall be free from injurious defects and 
shall have a workmanlike finish.” 
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7. Section 14 [proposed Section 15].—Insert “of the manu- 
facturer,” line 1, between “number” and “shall,” line 2. 


8. Section 16 [proposed Section 17 (})|.—Change ‘‘replace 
them at this own expense”’ to read: “‘be notified.” 


9. Further proposed general changes affecting these as well 
as other specifications are given under ‘“‘General Changes” in 
the items designated as follows: 


(a) Section 15 [proposed Section 16].—Item No. 9. 
(b) Proposed new Sections 17 (a) and 18.—Item No. 10. 


SPECIFICATION No. 16.—STEEL CastTINGs (page 192). 


1. Insert the following new Section 3 on “Basis of Pur- 
chase”’: 


“*3. The purchaser shall indicate his intention to substi- 
tute the test to destruction specified in Section 11 for the 
tension and bend tests, and shall designate the patterns 
from which castings for this test shall be made.” 


2. Section 4 (b) [proposed Section 5 (6)].—Change to read: 


(6) Class B castings shall be allowed to become cold. 
They shall then be uniformly reheated to the proper tem- 
perature to refine the grain (a group thus reheated being 
known as an “annealing charge’’), and allowed to cool 
uniformly and slowly. If, in the opinion of the purchaser 
or his representative, a casting is not properly annealed, he 
may at his option require the casting to be re-annealed.” 


3. Section 5 [proposed Section 6].—Change the requirement 
for phosphorus of Class A castings from ‘‘not over 9.08 per cent” 
to “‘not over 0.06 per cent.” 


4. Section 7.—Change to Section 8 (0) and insert the follow- 
ing new Section 8 (a) on ‘Check Analyses:” 


“8. (a) Analyses of Class A castings may be made by 
the purchaser, in which case an excess of 20 per cent above 
the requirement as to phosphorus specified in Section 6 
shall be allowed. Drillings for analysis shall be taken not 
less than } in. beneath the surface.” 
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5. Insert under “III. Physical Properties and Tests” the 
words “(For Class B Castings only)”, and omit all further 
reference to ‘‘Class B” under this Sub-Title. 


6. Section 9.—Change to Section 10 (a), and add the fol- 
lowing new Section 10 (0): 


“(6) Hard castings shall not be subject to bend test 
requirements.” 


7. Section 11 (a) [proposed Section 12 (a) and (6)].—Change 
to read: 


“12. (a) Sufficient test bars, from which the test speci- 
mens required in Section 13 (a) may be selected, shall be 
attached to castings weighing 500 lb. or over, when the 
design of the castings will permit. If the castings weigh - 
less than 500 Ib., or are of such a design that test bars can- 
not be attached, two test bars shall be cast to represent each 
melt; or the quality of the castings shall be determined by 
tests to destruction as specified in Section 11. All test 
bars shall be annealed with the castings they represent. 

“(6) The manufacturer and purchaser shall agree 
whether test bars can be attached to castings, on the location 
of the bars on the castings, on the castings to which bars 
are to be attached, and on the method of casting unattached 
bars.” 


8. Section 11 (b)- [proposed Section 12 (c)].—Change the 
last sentence to read: 


“Bend test specimens shall be machined to 1 by # in. 
in section with corners rounded to a radius not over 7¢ in.” 


9. Section 12 (a) [proposed Section 13 (a)].—Change to 
read: 


“13. (a) One tension and one bend test shall be made 
from each annealing charge. If more than one melt is 
represented in an annealing charge, one tension and one 
bend test shall be made from each melt.” 


10. Insert the following new Section 15 (6) under “ Finish”’: 


“‘(b) Minor defects which do not impair the strength of 
the castings may, with the approval of the purchaser or his 
representative, be welded by an approved process. The 
defects shall first be cleaned out to solid metal; and after 
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welding, the castings shall be annealed, if specified by the 
purchaser or his representative.” 


11. Section 16 [proposed Section 17 (b)].—Change the phrase 
“before or after machining” to read: ‘subsequent to their accep- 
tance at the manufacturer’s works.” 


12. Insert the following new special requirements for cast- 
ings for ships: 


“VI. SPECIAL REQUIREMENTS FOR CASTINGS FOR SHIPS. 


“19. In addition to the preceding requirements, cast- 
ings for ships, when so specified, shall conform to the follow- 
ing requirements: 

“20. All castings shall be annealed. 

“21. (a) One tension and one bend test shall be made 
from each of the following castings: stern frames, stern 
posts, twin screw spectacle frames, propellor shaft brackets, 
rudders, steering quadrants, tillers, stems, anchors, and 
other castings when specified. 

“(b) When a casting is made from more than one melt, 
four tension and four bend tests shall be made from each 
casting. 

“22. (a) A percussion test shall be made on each of the 
following castings: stern frames, stern posts, twin screw 
spectacle. frames, propellor shaft brackets, rudders, steering 
quadrants, tillers, stems, anchors, and other castings when 
specified. 

“(b) For this test, the casting shall be suspended by 
chains and hammered all over with a hammer of a weight 
approved by the purchaser or his representative. If cracks, 
flaws, defects, or weakness appear after such treatment, 
the casting will be rejected.” 


13. Insert the following new special requirements for cast- 
ings for railway rolling stock: 


“VII. SPECIAL REQUIREMENTS FOR CASTINGS FOR RAILWAY 
ROLLING STOCK. 


“23. Castings for railway rolling stock, when so speci- 
fied, shall conform to the requirements for Class B castings, 
Sections 1 to 18, inclusive, except that check analyses made 
in accordance with Section 8 (b) shall conform to the re- 
quirements as to phosphorus and sulphur specified in 
Section 6.” 
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14. Further proposed general changes affecting these as well 
as other specifications are given under “General Changes” in 
the items designated as follows: 


(a) Section 3 |proposed Section 4].—Item No. 2. 

(b) Section 6 [proposed Section 7].—Item No. 4. 

(c) Section 7 [proposed Section 8 (b)].—Item No. 5. 

(d) Section 15 [proposed Section 16].—Item No. 9. 

(e) Proposed new Sections 17 (a) and 18.—Item No. 10. 


SPECIFICATION No. 17.—LOcOMOTIVE MATERIALS: Lap- 
WELDED AND SEAMLESS STEEL Borer TuBEs (page 258).! 


1. Title—Change to read: 


“Locomotive Materials: Lap-Welded and Seamless 
Steel Boiler Tubes, Safe Ends, and Arch Tubes.” 


2. Section 2.—Change the carbon requirement from “not 
over 0.15 per cent”’ to “0.08-0.18 per cent.” 


3. Section 3 (a).—Change “shall be made” to read: “may 
be made by the purchaser.” 


4. Section 4 [proposed Section 4 (a)|.—Change to read: 


“4. (a) A test specimen not less than 4 in. in length 
shall have a flange turned over at right angles to the body 
of the tube, without showing cracks or flaws. This flange, 
as measured from the outside of the tube, shall be 2? in. 
wide for tubes 2} in. or under in outside diameter, and 3 
in. wide for tubes over 23 in. in outside diameter.”’ 


5. Insert the following new Section 4 (0): 


“(b) In making the flange test, it is recommended 
that the flaring tool and die block shown in Fig. 1 be 
used.” 


6. Section 6.—Change to read: 


““A test specimen 23 in. in. length shall stand crushing 
longitudinally until the outside folds are in contact, without 
showing cracks or flaws.” 


1 The additional changes given on pp. 21-22, authorized at the meeting, have been in- 
cluded in this list —Eb. 
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7. Section 7.—Change to read: 


“Tubes under 5 in. in diameter shall stand an internal 
hydraulic pressure of 1000 lb. per sq. in.; and tubes 5 in. 
or over in diameter shall stand an internal hydraulic pres- 
sure of 800 lb. per sq. in. 


” 


Position ;Position 
atter Using i afterUsing 
Flaring Tool... Flatter: 
\ N 
A= Outs. Diam. of Flue less 


B= Outs. Diam. of Flue less 3” 
C= Outs. Diam. of Flue plus g° 
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A -> 
A= Outs. Diam. of Five plus 
Die Block. 
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8. Section 8 \a).—Change the first sentence to read: 


“Test specimens shall consist of sections cut from tubes 
selected by the inspector representing the purchaser from the 
lot offered for shipment.” 


9. Section 10.—Insert ‘“‘from any lot”’ after “‘tube,” line 1. 


10. Section 11.—Replace the present table of standard 
weights by the following one: 


WEIGHT, LB. PER FT. OF LENGTH. 


THICKNESS. 
Outside Diameter, in. 
Nearest| | 
Neares' 3 1 . 1 1 1 3 1 
In. B. w. g.| 2 23 | 3 | 3g 4 45 5 54 | 5g | 6 
| | 
0.110 12 1.93 2.22 | 2.51 | 2.81 /3 
0.125 il 2.17 | 2.50 | 2.84) 3.17 | 3.84) 4.51] .... 
0.135 10 2.33 2.69 | 3.05 | 3.41 | 4.13 4.85 | 5.57 
0.150 9 | 2.56) 2.95) 3.36 3.76 | 4.57 5.37) 6.17 | 6.97 | 7.77 | 8.17 | 8.37 | 8.57 | 9.37 
0.165 8 sane 4.11/5.00| 5.88) 6.76 | 7.64 | 8.52 | 8.96 | 9.18 | 9.40 10.28 
0.180 | 7 | | 4.46 | 5.42] 6.38 | 7.34 | 8.30 | 9.27 | 9.75 | 9.99 |10.23 
| 
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11. Section 13 (a) and (b) [proposed Section 13].—Change to 


read: 


“13. The finished tubes shall be circular within 0.02 in., 
and the mean outside diameter shall not vary more than 
0.015 in. from the size ordered. The thickness at any point 
shall not vary more than 10 per cent from that specified. 
The length shall not be under, but may be 0.125 in. over 
that ordered.” 


12. Section 15.—Change to read: 


“The name or brand of the manufacturer, and ‘Tested 
at 1000 lb.’ for tubes under 5 in. in diameter, and ‘Tested 
at 800 lb.’ for tubes 5 in. or over in diameter, shall be 
legibly stenciled in white on each tube.” 


13. Further proposed general changes affecting these as 


well as other specifications are given under “General Changes” 
in the items designated as follows: 


(a) Section 14.—Item No. 8. 
(b) Section 16.—Item No. 9. 
(c) Proposed new Sections 17 (a) and 18.—Item No. 10. 


SPECIFICATION No. 18.—AUTOMOBILE CARBON AND ALLOY 


STEELS (page 196). 
1. Section 2 (a).—Omit. 


2. Section 3.—Omit the last sentence. 
3. Section 7 (f) and (g).—Omit. 


4. Sections 12, 13 and 14 [proposed Section 12].—Change to 


read: 


“12. (a) Tension and bend test specimens shall be 
taken from the rolled or forged material; except that in 
the case of irregularly shaped forgings, they may be taken 
from a full-size prolongation. Specimens shall not be 
annealed or otherwise treated, except as specified in Para- 


graph (5). 


» 
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“(b) Tension and bend test specimens for material 
which is to be annealed or otherwise treated before use, 
shall be cut from properly annealed or similarly treated 
short lengths of the full section of the piece. 

“(c) Tension and bend test specimens for plates and 
shapes shall be of the full thickness of material as rolled; 
and may be machined to the form and dimensions shown in 
Fig. 1, or with both edges parallel. 

““(d) Tension and bend test specimens for rolled bars 
and forgings of uniform cross-section 1} in. or under in 
thickness or diameter, may be of the full-size section of 
material as rolled or forged, or may be machined to a 
thickness or diameter of at least ? in. for a length of at 
least 9 in. Tension test specimens shall be of 8-in. gage 
length. 

“(e) The axis of tension and bend test specimens for 
rolled bars and forgings of uniform cross-section over 1} 
in. in thickness or diameter, and for forgings of irregular 
sections, when practicable, shall be located at any point 
midway between the center and surface and shall be parallel 
to the axis of the piece in the direction in which the metal 
is most drawn out. Tension test specimens shall be of the 
form and dimensions shown in Fig. 2. Bend test speci- 
mens shall be 3 in. square in section with corners rounded 
to a radius not over #g in., and need not exceed 6 in. in 
length.” 


5. Change “Fig. 1” to “Fig. 2,” and “Fig. 2” to “Fig. 1.” 


6. Section 15 [proposed Section 13].—Change to read: 


“13. (a) One tension and one bend test shall be made 
from each melt; except that if material rolled from one 
melt differs 3 in. or more in thickness, one tension and one 
bend test shall be made from both the thickest and the 
thinnest material. 

‘*(b) If any test specimen shows defective machining 
or develops flaws, or if an 8-in. tension test specimen breaks 
outside the middle third of the gage length, or if a 2-in. 
tension test specimen breaks outside the gage length, it 
may be discarded; in which case the manufacturer and 
the purchaser or his representative shall agree upon the 
selection of another specimen in its stead.” 
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7. Section 16.—Omit. 


8. Insert the sub-title “IV. Finish” and the following new 
Section 14 on “ Finish”’: 


“14. The material shall be free from injurious defects 
and shall have a workmanlike finish.” 


9. Further proposed general changes affecting these as 
well as other specifications are given under “General Changes”’ 
in the items designated as follows: 


(a) Section 3.—Item No. 2. 

(b) Section 4.—Item No. 3. 

(c) Section 7.—Item No. 5. 

(d) Section 11 (b).—Item No. 6. 

(e) Proposed new Section 16 (6).—Item No. 11. 


SPECIFICATION No. 19.—BoILER AND FIREBOX STEEL (page 152). 


1. Proposed general changes affecting these as well as other 
specifications are given under ‘‘General Changes”’ in the items 
designated as follows: 


(a) Section 5.—Item No. 5. 

(b) Section 8 (c).—Item No. 6. 

(c) Section 11 (b).—Item No. 7. 

(d) Section 13.—Item No. 8. 

(e) Section 15.—Item No. 9. 

({) Proposed new Sections 16 and 17.—Items Nos. 10 and 11. 


SPECIFICATION No. 20.—Borer Rivet STEEL (page 157). 


1. Section 8 [proposed Section 8 (a)].—Add the following 
clause: 


“cc 


, each of which shall conform to the requirements 
specified.” 


2. Insert the following new Section 8 (0): 


“(b) If any test specimen develops flaws, or if a tension 
test specimen breaks outside the middle third of the gage 
length, it may be discarded and another specimen substi- 
tuted,” 


} 
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3. Section 12.—Change to read: 


“Rivet bars shall, when loaded for shipment, be prop- 
erly separated and marked with the name or brand of the 
manufacturer and the melt number for identification. The 


melt number shall be legibly marked on each test speci- 
men.” 


4. Section 17 (a) [proposed Section 19 (a)].—Change to read: 


“19. (a2) When specified, one tension test shall be made 
from each size in each lot of rivets offered for inspection.” 


5. Section 17 (b) [proposed Section 19 (4)].—Add the follow- 
ing clause: 


“each of which shall conform to the requirements 


specified.” 


6. Section 19 [proposed Section 21].—Change to read: 


“21. The finished rivets shall be free from injurious 
defects.”’ 


7. Insert the following new Section 22 on “Inspection”’: 


“22. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of 
the purchaser is being performed, to all parts of the manu- 
facturer’s works which concern the manufacture of the 
rivets ordered. The manufacturer shall afford the in- 
spector, free of cost, all reasonable facilities to satisfy him 
that the rivets are being furnished in accordance with these 
specifications. All tests and inspection shall be made at 
the place of manufacture prior to shipment, unless otherwise 
specified, and shall be so conducted as not to interfere un- 
necessarily with the operation of the works.” 


8. Section 20 [proposed Section 23].—Replace by the follow- 
ing standard section on “‘ Rejection”’: 


“23. Rivets which show injurious defects subsequent to 
their acceptance at the manufacturer’s works will be rejected, 
and the manufacturer shall be notified.” 
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9. Further proposed general changes affecting these as well 


as other specifications are given under “General Changes” in 
the items designated as follows: 


(a) Section 3.—Item No. 4. 

(b) Section 4.—Item No. 5. 

(c) Section 6 (c).—Item No. 6. 

(d) Section 11.—Item No. 8. 

(e) Section 13.—Item No. 9. 

({) Proposed new Sections 14 and 15.—Items Nos. 10 and 11. 


SPECIFICATION No. 21.—LocomotTivE MATERIALS: ANNEALED 


STEEL Forcincs (page 250). 


1. Title—Omit ‘‘ Annealed.”’ 


2. Insert the following new Section 1 on “Basis of Pur- 


chase:” 


“1. (a) These specifications cover unannealed and 
annealed steel forgings up to and including 12 in. in thickness 
or diameter. 

“(6) The manufacturer may, at his option, furnish 
annealed forgings when unannealed forgings are specified 
by the purchaser, provided they conform to the require- 
ments specified for unannealed forgings.” 


3. Section 2 [proposed Section 3].—Change to read: 


“3. When annealed, the forgings shall be allowed to 
become cold after forging. They shall then be uniformly 
reheated to the proper temperature to refine the grain, and 
allowed to cool uniformly and slowly.” 


4. Section 6 (a) [proposed Section 7 (a)].—Change the mini- 


mum requirements as to tensile properties to read as follows: 


UNANNEALED, ANNEALED. 
Tensile strength, lb. per sq. in...... 80 000 80 000 
Yield point, lb. per sq. in.......... 0.5 tens. str. 0.5 tens. str. 
Elongation in 2 in., per cent........ 20 22 


Reduction of area, per cent......... 25 30 
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5. Insert the following new Section 8 (a) on “Bend Tests:” 


“8. (a) Unannealed forgings shall not be subject to 
bend test requirements.” 


6. Section 7 (a) [proposed Section 8 (6)].—Insert “for 
annealed forgings”’ after “specimen,” line 1. 


7. Section 8 (b) [proposed Section 9 (b)]|.—Change the second 
sentence to read: 


“Bend test specimens shall be 3 in. square in section 
with corners rounded to a radius not over ;; in., and need 
not exceed 6 in. in length.” 


8. Insert the following new Section 10 (b) under “‘ Number 
of Tests:” 


“(b) If any test specimen shows defective machining 
or develops flaws, or if a tension test specimen breaks out- 
side the gage length, it may be discarded and another speci- 
men substituted.” 


9. Section 10 [proposed Section 11].—Insert “anneal or” 
before ‘‘re-anneal,”’ line 3. 


10. Further proposed general changes affecting these as 
well as other specifications are given under “General Changes” 
in the items designated as follows: 


(a) Section 4 [proposed Section 5].—Item No. 4. 
(b) Section 5 [proposed Section 6].—Item No. 5. 
(c) Section 7 (b).—Item No. 6. 

(d) Section 12 [proposed Section 13].—Item No. 8. 
(e) Proposed new Section 16 (b).—Item No. 11. 


SPECIFICATION No. 22.—LoOcoMOTIVE MATERIALS: STEEL 
SHAPES, UNIVERSAL MILL PLATEs, AND Bars (page 254). 


1. Section 7.—In line 3, change “under ? in.” to “? in. or 
under.” In line 4, change “? to 1} in,” to “over 2 in. to and 
including 1} in.” 
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2. Section 9.—Change to read: 


“(a) Tension and bend test specimens shall be taken 
from the finished rolled material. 

“(b) Tension and bend test specimens, except as 
specified in Paragraph (c), shall be of the full thickness of 
material as rolled; and may be machined to the form and 
dimensions shown in Fig. 1, or with both edges parallel. 

“(c) Tension and bend test specimens for plates and 
bars over 1} in. in thickness or diameter may be machined 
to a thickness or diameter of at least ? in. for a length of at 
least 9 in.” 


3. Section 10 (a).—-Omit “At least.” 


4. Section 13.—Change to read: 


“The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all 
finished material, except that small sections shall, when 
loaded for shipment, be properly separated and marked for 
identification. The melt number shall be legibly marked, 
by stamping if practicable, on each test specimen.” 


5. Section 15 [proposed Section 15 (b)].—Change to read: 


«  “(6) Material which shows injurious defects subsequent 
to its acceptance-at the manufacturer’s works, or after 
inspection in accordance with Section 14 (0), will be rejected, 
and the manufacturer shall be notified.” 


6. Further proposed general changes affecting these as well 


as other specifications are given under ‘General Changes” 


in the items designated as follows: 


(a) Section 3.—Item No. 4. 

(b) Section 4.—Item No. 5. 

(c) Section 7 (b).—Item No. 6. 

(d) Section 10 (b).—Item No. 7. 

(e) Section 12.—Item No. 8. 

({) Section 14 (a).—Item No. 9. 

(g) Proposed new Sections 15 (a) and 16.—Item No. 10. 
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PROPOSED CHANGES IN STANDARD SPECIFICATIONS. 


GENERAL CHANGES. 


1. Changes which are purely matters of wording and 
phraseology have not been noted in the following. 

The numbers of the specifications affected, with the proposed 
new section numbers (in italics), are given after each change, 
except when other changes have been made in a given section 
and the proposed new or revised wording appears in the 
previous list of specific changes. 


MANUFACTURE. 


2. Process—Change the phrase “or any other approved 
process,” to read “or any other process approved by the 
purchaser.” 

No. 16, 4; No. 18, 3; No. 29, 1 (a). 


3. Discard.—In all specifications in which a section on dis- 
card appears, excepting Specification No. 6 (see page 72), use 
the following: 


“A sufficient discard shall be made from each ingot to 
secure freedom from injurious piping and undue segrega- 
tion.” 

No. 18, 4; No. 29, 2. 


‘CHEMICAL PROPERTIES AND TESTS. 


4. Ladle Analyses—The determination of the percentages 
of carbon, manganese, phosphorus and sulphur in ladle analyses 
is to be added to all specifications in which only phosphorus 
and sulphur are specified under ‘‘ Chemical Composition.” 

This requires the addition of the phrase “to determine the 
percentages of carbon, manganese, phosphorus and sulphur” 
to the “Ladle Analyses” section of the following specifications: 

No. 7, 3; No. 9, 6; No. 16, 7; No. 20, 3; No. 21, 5; No. 22, 3. 


5. Check Analyses.—In the sentence 


“A check analysis may be made by the purchaser from 
_ finished material representing each melt, a 


the words “‘A check analysis”’ are to be replaced by the word 
“Analyses”’ in all specifications. 

No. 6, 5; No. 9, 7; No. 16, 8 (b); No. 18, 7; No. 19, 5; No. 20, 4; 
No. 21, 6; No. 22, 4. 
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PHYSICAL PROPERTIES AND TESTs. 


6. Bend Tests——The following sentence is to be omitted 
from all specifications in which it occurs: 


“Bend tests may be made by pressure or by blows.” 
Nos. 4, 5, 6, 7, 9, 18, 19, 20, 21, 22, 29. 


7. Number of Tests—The phrase ‘shows defective machin- 
ing or” is to be added after the word ‘“‘specimen” in the para- 
graph of this section in all specifications providing for a possible 
retest of defective test specimens, excepting specifications Nos. 
20 and 27 in which specimens are tested as rolled. Thus: 


“Tf any test specimen shows defective eee or 
develops flaws, or if a tension test specimen . . . 


No. 4, 8 (0); No. 9, 12 (b); No. 19, 11 (b);' No. 22, 10 (6). 


WORKMANSHIP AND FINISH. 


8. Finish.—In all specifications containing the following 
section on “Finish”; 


“The . . . shall be free from injurious seams, 
slivers, flaws and other defects, and shall have a workman- 
like finish.”’, 


the words “‘seams, slivers, flaws and other” are to be omitted. 


No. 4, 10; No. 5, 13; No. 6, 15; No. 7, 11; No. 9, 14; No. 10, 9; No. 
17, 14; No. 19, 18; No. 20, 11; No. 21, 18; No. 22, 12; No. 29, 11. 


INSPECTION AND REJECTION. 


9. Inspection ——In the following sentence! of the standard 
section on inspection: 


“All tests and inspection shall be made at the place of 
manufacture prior to shipment, and shall be so conducted 


as not to interfere unnecessarily with the operation of the 
works.”’, 


(1) insert ‘(except check analyses)” after “tests” in all speci- 


1 This sentence does not appear in those sections on inspection which provide definitely 


that ‘‘the purchaser may make the tests to govern the acceptance or rejection of material in 
his own laboratory or elsewhere.”’ 
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fications containing requirements as to check analyses; (2) add 
“unless otherwise specified,” after “shipment.” 


No. 4, 12; No. 5, 15; No. 6, 17; No. 7, 13; No. 10, 11; No. 14, 16; 
No. 16, 16; No. 17, 16; No. 19, 15; No. 20, 13; No. 22, 14 (a). 


10. Rejection and Rehearing.—Insert the following sections 
in all specifications specifying “check analyses”’: 

“Unless otherwise specified, any rejection based on 
tests made in accordance with Section — shall be reported 
within five working days from the receipt of samples.” 

“Samples tested in accordance with Section —,' which 
represent rejected material, shall be preserved for two 
weeks from the date of the test report. In case of dissatis- 
faction with the results of the tests, the manufacturer may 
make claim for a rehearing within that time.” 

No. 4, 13 (a), 14; No. 5, 16 (a), 17; No. 6, 18 (a), 19; No. 7, 14 (a), 15; 
No. 9, 16 (a), 17; No. 10, 12 (a), 13; No. 14, 17 (a), 18; No. 16, 17 (a), 18; 
No. 17, 17 (a), 18; No. 19, 16 (a), 17; No. 20, 14 (a), 15; No. 22, 14 (a), 16. 


11. Rejection —In all specifications not providing for the 
rejection of defective material after its acceptance at the 
manufacturer’s works, the following requirement is to be added: 


“Material (that is, splice bars, wheels, etc.] which shows 
injurious, defects subsequent lo its acceptance at the manu- 
facturer’s works |or while being finished by the purchaser) 
will be rejected, and the manufacturer shall be notified.” 
No. 4, 13 (b); No. 6, 18 (b); No. 7, 14 \b); No. 9, 16 (b); [No. 10, 

12 (b)]; [No. 18, 16 (b)]; No. 19, 16 (b); No. 20, 14 (b); [No. 21, 16 (b)}. 


1 This section number is that oi the section on “ Check Analyses.” 
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APPENDIX II. 


CONDENSED REPORT OF THE INVESTIGATION OF 
REINFORCING BARS REROLLED FROM 
STEEL RAILS 


CONDUCTED UNDER INSTRUCTIONS FROM SUB-COMMITTEE V, 
ON STEEL REINFORCING BARS, OF COMMITTEE A-1. 


By W. K. Harr. 


GENERAL. 


Prefatory Note.—This publication is condensed from the 
official report to Sub-Committee V, on Steel Reinforcing Bars, 
of Committee A-1 by the omission of several appendices that 
contained the laboratory logs, calculation sheets, inspection 
of individual bars, and collectors’ reports. The individual tests 
are all diagrammed in this condensed report. 

The report covers the facts of collection and tests and 
analysis thereof, resulting from 2036 samples of reinforcing bars 
rerolled from steel rails. Upon these samples 1719 tension 
tests and 1264 bend tests were made. The complete account 
of samples collected and tests made is listed in Table I. 

The investigation covered a period of time from September, 
1912, to February, 1913. 

The investigation was based upon instructions received 
from Mr. C. F. W. Rys, Metallurgical Engineer, Carnegie Steel 
Co., Pittsburgh, Pa., Chairman of Sub-Committee V, on Steei 
Reinforcing Bars, of Committee A-1. The collection of samples 
was made and the tests were performed by the writer, or under 
his direction by the following persons: H. H. Scofield, Assistant 
Professor in the Laboratory for Testing Materials, Purdue 
University; G. E. Lommel, Instructor in Civil Engineering, 
Purdue University, as draftsman; and C. Kolb, Assistant 
Engineer of Tests, with several laboratory assistants. 

Acknowledgment.—Acknow!edgment is due to President W. 
E. Stone of Purdue University for providing full facilities for 
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TABLE I.—AccOUNT OF SAMPLES COLLECTED DECEMBER 12, 1912. 
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Number of 


Size Kind | Number Mill. Location | Tests made. 
of Bar. of Bar. | Received, in Rail. - 

| | Tension.| Bend. 

32 | A | 32 32 
Sq. Twist...... | B  |Head.,....... | 100 100 
35 | 70 | Flange........ | 70 70 

Special shipment of material rolled from new rails: 

Pl. Round..... | 287 Bo 60 0 
Successive Passes. 60 120 0 

Round... 20 | C (Head Reheated| 20 20 
\Pl.Round.....) | 20 20 
\Sq. Twist..... | 70 70 70 
PI. Round..... 20 | © | 20 20 
\Pl. Round..... 20 “ 20 20 
|Pl. Round..... 10 | 10 10 
Wicks Sq. Twist.... 40 | 40 40 
3 140 D | 140 140 
Round..... 113 |Web.......... | 63 63 
3 \Cor. Square. . | 109 Flange | 59 59 
| 2036 | | | 1719 | 1268 
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the testing work in the Materials Testing Laboratory of Purdue 
University. Special mention should also be made of the cordial 
support and free, open-minded cooperation of the Rail Steel 
Bar Manufacturers’ Association, represented by Mr. E. E. 
Hughes, President, and Mr. A. S. Hook, Secretary, and to the 
officers and superintendents of the following companies: Laclede 
Steel Co., St. Louis, Mo.; Buffalo Steel Co., Tonawanda, N. Y.; 
Franklin Steel Co., Franklin, Pa.; Inland Steel Co., Chicago 
Heights, Ill.; Calumet Steel Co., Chicago Heights, Ill.; and 
Interstate Steel Co., Cambridge, O. 

The thanks of the writer are also expressed to Robert W. 
Hunt & Co. for the donation of the services of an inspector 
during a portion of the investigation. 

Acknowledgment is also thankfully made to Mr. P. E. 
Carhart, Inspecting Engineer of the Illinois Steel Co., for supply- 
ing a number of new rails for special investigation. 

Instructions.—The general instructions under which the 
writer proceeded are contained in a letter from Mr. C. F. W. 
Rys, under date of August 6, 1912, as follows: 


“Sub-Committee V, on Steel Reinforcing Bars, of Committee A-1 of the 
American Society for Testing Materials, desires to have you make an investi- 
gation to obtain data upon which to base a reasonable specification for rerolled 
reinforcement bars, so-called; that is, bars rerolled from rails or similar 
material. 

“The investigation is to embrace the methods necessary to obtain repre- 
sentative samples for testing and the proper representative tests for material 
of this character. It should cover: 

1. The quantity deemed proper for a lot for testing. 

2. The effect of the size of the bar on the physical properties. 

3. The effect of the design of the bar. 


4. Variation in the properties of bars rolled from the head, web or 
flange of standard rails. 


5. Variation in the properties of bars rolled from other material.” 


Limitations of Report—This report covers reinforcing bars 
rerolled from steel rails, and does not present facts with refer- 
ence to other reinforcing bars rolled from billet steel or mis- 
cellaneous material. Several matters of technical and scientific 
interest, which are not necessary to the formation of a specifica- 
tion, are postponed—as, for instance, the true elastic limit 
versus the yield point of twisted and plain bars. Chemical 
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analyses were not considered to be essential or helpful, and 
were omitted. 


Process OF MANUFACTURE: REROLLING RAILS FOR 
REINFORCING Bars. 


The raw material used in the industry consists mainly of old 
rails which have been removed from service, although new rails 
known as seconds are used to some extent. These seconds are 
rails which have been rejected on account of some surface phy- 
sical defects. Defects in an old or new rail which might interfere 
with the rolling, such as split heads, burrs or cracks, are care- 
fully removed before the rail is permitted to enter the furnace. 
The old rails are, of course, mainly Bessemer. The kind of rails 
entering the furnace, and the samples collected and reported 
upon in this investigation are noted in the collectors’ reports. 

The rails used are usually broken into lengths of 10 to 15 
ft. before heating, although at least one mill is equipped to roll 
rails in their full length of 33 ft. The sizes and lengths of rails 
used depends in a great measure on the sizes of bars to be rolled. 
To roll bars of large cross-section and of considerable length 
requires a rail with a large head which is but slightly worn. 
When it is desired to roll a small bar from the web a shorter 
rail-must be used, as otherwise the resulting bar would not only 
be inconvenient to handle, but too long for the hot beds. 

The furnaces are equipped to hold from 45 to 65 rails, side 
by side in a horizontal position. The rails are fed to the furnace 
by a conveyor, and enter sidewise in some plants, and endwise 
in others. The rate of progress of the rail through the furnace 
is dependent on the speed of rolling. The distance from the 
coolest to the hottest portion of the furnace is such that the rail 
is heated slowly and uniformly. The average rate of rolling of 
ordinary bars is from ? to 1} minutes each. Assuming a capacity 
of furnace of 60 rails, the time in the furnace would be from 
45 to 75 minutes, as the case may be. The fuel used is coal, 
producer gas, or oil, and since all furnaces are equipped with 
forced draft the temperature is easily and uniformly regulated. 

The rolling is very similar to that of any bar or small-shape 
mill, except in one particular. The head, web and flange must 
be rolled separately; consequently the first or first two passes 
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The different parts 


are then rolled into the desired sizes and shapes, as in an ordinary 
mill. The size of mill, number of passes and reduction at the 


TABLE II.—NuMBER OF TESTS PER TON OF OuTPUT DECEMBER 12, 1912. 


Size and 
Kind of Mill. 
ar. 
2 Sq. Twist ........... A 
1 . 
9 
5 “ 
8 
Cc 
in. Pl. Round........ 
= “* Pl. Square........ 
3 4“ 84. Twist ........ 
ag 
14 “ “ 
“ PLS D 
“ Pl. Round........... 
@ “ 


tal 


To 
Number 
of Tests. 


Number 

of Tests| Tons 
in Gage | Output. 
Length. 


Tests per Ton. 


various passes is dependent upon the size and shape of the bar 
to be rolled. However, it is necessary that the larger sizes be 
rolled from the head and that the smaller sizes be rolled from the 
web or flange which has the smallest original section. 


| 
} 
In Gage.| Total. 
ia 100 | 53 | 17.5 3.0 6.0 | 
| 50 28 11.0 2.5 5.0 
| 100 | 95 20.0 5.0 5.0 
| 71 | 69 13.12 5.0 5.0 
| 70 | 70 11.25 6.0 6.0 
| 50 | 48 6.0 8.0 8.0 
| | 
2 | 18 oes 
20 | 20 
70 | 55 | bes 
10 
| 4 | 2 
30 18 | 
| 
. 140 132 21.0 | 60 7.0 
63 62 | 9.94 6.0 6.0 
59 57 19.36 3.0 3.0 
60 57 | 23.03 2.5 2.6 
' 
| 
| 
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There is a discard from the end of the bar, and the portion 
of the bar representing the part of the web containing the bolt 
holes is sheared off either during the process of rolling or after 
the bar is rolled. ‘ 

The changes in tensile strength and elongation conse- 
quent upon the reduction of the rail in the rolls have been 
determined in this investigation. (See Tables VIII, IX and X, 
and Figs. 29 and 30, Plate VI.) 

The heat treatment in the furnace, the temperature of 
rolling and the temperature changes in the bar during twisting 
are all subject to well-known scientific laws, and need the same 
careful regulation as steel of like carbon content. 

Although reinforcing steel is rolled from all three parts of 
the rail, most of it comes from the head. The web and flange 
furnish the small shapes such as flats, channels, angles and tees. 
These are furnished very extensively to the furniture and agricul- 
tural implement industry. The latter industry also receives the 
major portion of harrow teeth and other small parts from plain 
bars of rerolled rail steel. One company is making built-up 
high-tenSion electric transmission-line poles from U-bars and 
flats of rerolled rail steel. Brake beams are also manufactured. 


SELECTION OF SAMPLES. 


At the outset of the investigation it was evident that a 
method of sampling ‘must be planned so as to forestall the crit- 
icism that the samples might represent better material than 
the normal product of the mills. To this end the rolling schedules 
of several mills were determined a week or two in advance, and 
the collection made at unexpected times. These schedules were 
necessary so that it might be certain that the mills would be 
rolling reinforcing bars, and not some other product. 

In the opinion of the writer and his collectors the rails fed 
to the furnaces were not specially selected and could not be. 

The samples resulted from the rerolling of rails of various 
size and manufacture. The lighter sections were originally 
rolled about 1885 on the average; while the larger sections were 
of later rolling, about 1900 or thereafter. 

The endeavor was to take such samples, spaced at equal 
intervals, that the results of tests would represent normal work- 
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ing conditions. Five out of the six mills concerned were sampled 
at various periods from September to December, and all kinds 
and sizes of bars from the various parts of the rail were repre- 
sented in the samples. 

The design of the deformed bar rerolled from rails is shown 
in Fig. 1. 

Of course, the results are based upon a wide range of work- 
ing conditions with respect to temperature of the air, design 
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Fic. 1.—Design of Deformed Bar Rerolled from Rails. 


and size of bar, chemical composition, and size of the rails 
entering the mills. It is felt that under these conditions the 
data of tests may be sufficiently extensive to allow the forma- 
tion of a specification, which shall be applicable to the normal 
product. The diagrams showing the effect of several factors, 
such as size of bar, design of bar, origin of bar, are of course 
expressions of tendencies rather than exact relations. To 
isolate any one factor would require the operation of the mill 
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especially for the tests, and this would destroy the Tepresen- 
tative value of the tests, to secure which value was the main aim 
of the investigation. 

In contrast to this method, the selection of samples from 
material delivered to buildings under construction would be 
more or less haphazard. Records of mill tests made by other 
persons have been consulted to determine the relation of the 
usual commercial inspection tests to the tests madé for this 
report. 

The plan of sampling was briefly as follows: The collector 
stood at the shears at the end of the hot beds, and took a piece 
3 ft. long off the fore end of ten consecutive bars representing ten 
consecutive part-rails (not a 30-ft. rail, but the portion of the 
rail that was put in the furnace). Forty part-rails were allowed 
to pass without sampling, and then ten others were sampled in 
like manner. This process was repeated for a period of from 
one to two days for each mill. In some instances samples were 
collected that would have been rejected by the inspector before 
they would have been loaded on the cars. These are noted on 
the diagrams. 

By referring to Table II will be seen that the number of 
tension-test bars per ton of output varied from 8 to 2.6. 

In addition to this normal sampling of old rails, a special 
investigation was made to determine the changes in the mechan- 
ical quality of the steel during the successive passes through the 
rolls. For this purpose new Bessemer rails of 60 and 75-lb. 
section were secured, and samples taken at the various passes, 
including the finished bar. Samples were also cut from the 
original rails. The special investigation is covered in Tables 
VIII, IX and X (Plate VI), and XI. 

In the case of mill C certain samples were taken represent- 
ing small bars that were rolled from reheated pieces of larger 
bars of rerolled material. These are marked “R.” (See Fig. 
21.) 


METHOD OF TESTING. 


All bars were tested in the manufactured form, without 
surfacing. 

Tension Tests.—The tension test was made under the usual 
conditions, with observations of the yield point (by the drop 
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of beam), ultimate strength, elongation and reduction of area. 
The bars were inspected before test for surface defects, evidence 
of over-heating, etc. The speed of test was 2 in. per minute on 
the 300,000-Ib. machine and } in. per minute on the 30,000-Ib. 
machine. 

Comments on Tension Tests.—The usual difficulty was found 
in producing fracture in the gage length in the case of twisted 
bars. The influences operating in this case were the crushing 
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Torsion Maching * 
Block 
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Fic. 2.— Bend Test Machine. 


of the edges of the twisted bar by the grips and the possible 
torsion and bending due to eccentric gripping. This influence 
operated more to prejudice tests of large twisted bars than 
small twisted bars, and the breaks outside the grips were more 
frequent in the case of bars of high strength. 

A special analysis is made in Table III of the location of 
the fracture and its influence on the results of tests. | 

Since a break outside of the gage length is a matter per- 
taining to the technic of testing rather than to the quality of 
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the manufactured article, the ordinary procedure was adopted: 
only those bars which broke inside the gage length were used 
to furnish data for this report. ‘The number of bars breaking 
in gage length will be found in Table II. 

It would have been possible to mold grips to fit the twisted 
bars if only one or two sizes of twisted bars had been collected. 
With the variety of sizes and variation of pitch represented in 
the samples, however, it was considered impracticable to supply 
such a collection of grips. 

Bend Tests.—After one end of the 3-ft. bar had been 
pulled, the other end, which was unaffected by the tension test, 
was bent cold; that is, at the temperature of the labora- 
tory (70° F.). The machine used was the twisting head of a 
Riehlé 200,000-in-Ib. torsion machine which supplied a steady 
twisting moment. The diameter of pin used was that speci- 
fied in the proposed Standard Specifications for Rail-Steel 
Concrete Reinforcement Bars presented for adoption at this 
annual meeting of the Society, as follows: For high-grade 
plain bars, three times the thickness; for deformed bars, four 
times the thickness. 

For the purpose of this investigation, twisted bars were 
classed as deformed and tested as manufactured. 

The method of making the bend test is illustrated in Fig. 2 
Provision was made for the creeping of the end of the bar. The 
final bend procured was the full angle recorded. It was of course 
necessary to bend the bar to a somewhat greater angle, so that 
the recorded angle would be the net angle after the spring had 
disappeared from the bar. 


MECHANICAL NATURE OF MATERIAL. 


The results of tests appended to this report are shown in 
detailed diagrams, general diagrams and tables. Individual 
tests are shown in Figs. 3 to 14, Plates I and II, and Figs. 15 to 
20, Plates III and IV. 

General results are given in Table IV and Fig. 21. 

Tension Tests—A comparison of this rerolled steel of 
various design with other grades of steel is most readily made 
by plotting a strength-elongation curve as used by Tetmajer. 
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TABLE I1V.—GENERAL RESULTS FOR BARS BREAKING IN GAGE. 


TwisTep Bars. 
Tensile Strength, lb. per sq. in. 


Size of Bar. | 


B 


95 780 
90 000 
89 130 
101 400 
95 980 
| 99 730 
| 89 560 


Elongation, per cent. 


colon 


OrHER Bars. 
Tensile Strength, lb. per sq. in. 


Def. Rd. | PI.Rd. | Pl.Sq. | Pl. Rd. 


| 106-70 

101 220 | 108 570 | 

101650 101420 
| 98 270 


105 130 
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This has been done in Fig. 22, on which have also been 
drawn: 
1. Howe’s lines of common greatest and least elongation 
for various grades of steel.! 
2. Tetmajer’s curve of good quality of steel, that is: 
Elongation = 1,500,000 + tensile strength. 


It will be seen from these (1) that the rerolled steel has an 
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Fic. 22.—Relation between Average Tensile Strength and Elongation. 


excess ductility for its strength above usual grades of steel; 
and (2) that the twisted bars yield, as a rule, a smaller product 
of strength and elongation than the plain or deformed bars. 
From Fig. 22, Fig. 23 has been prepared from which the 
relation between tensile strength and elongation for averages 
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may be obtained. These values should, of course, be reduced 
in specification requirements, since they apply to averages. 
Following is a numerical statement of the relation between 
strength and elongation: 


| Percentage of Elongation | Percentage of Elongation 
Kind of Bars. times _ times. 
Tensile Strength. Yield Point. 
1 650 000 — 2 000 900 000 — 1 380 000 
a er 1 700 000 1 050 000 — 1 137 000 
| 1.400 000 — 1 900 000 750 000 1 220 000 


For individual tests see Figs. 15 to 20, Plates III and IV. 

By reference to the averages shown in Fig. 22, these 
tests disclose a product with the following average mechanical 
properties: 


Range of Average Properties. 


Properties Considered. | "Deformed and Plain | Hot-twisted y 
Bars. ars. 
Tensile strength, lb. persq.in............. 98 600 — 108 500 | 90 000 — 102 000 
 60000- 75 000 55000- 65000 
Elongation in 8 in., per cent.............. 15.2-20.1 14.0-—21.1 


Bend Tests.—An estimate of the degree of bending to which 
these bars will submit may be obtained from Table V, 
Plate V, which is abstracted as follows: 


Plain and Deformed Bars. 


Under 4, in.—97.0 per cent of the bars bent to 180 deg.; 
minimum single bend was 55 deg. 

; in. and over.—97.6 per cent of the bars bent to 90 deg.; 
minimum single bend was 40 deg. 


Twisted Bars. 


Under | in.—96.5 per cent of the bars bent to 180 deg.; 
minimum single bend was 75 deg. 

< in. and over.—93.2 per cent of the bars bent to 180 deg.; 
minimum single bend was 20 deg. 


| 
| | 


REPORT OF COMMITTEE A-1: 


PLATE V. 
Proc. Am. Soc. Test. MATS. 


XIill. 


TABLE V.—BEND TEsts: PercENTAGE OF Bars BENDING To Various ANGLES. 
Twistep Baus. 
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Angle in Degrees. 


Total 


120 135 | | so 


Nors.—The heavy lines indicate the specification limit of ang!e of bend; thus, the larger bars are required to bend to 90 degrees, and the smaller bars 


lot 80 degrees. 
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The writer believes that the diameter of pin specified for 
the larger bars is not in correct relation to that specified for the 
smaller bars. If a bar less than 3 in. calls for a pin of diameter 
three times the thickness of the test bar, with a bend of 180 deg., 
then the larger bars should bend 90 deg. around a pin of 
diameter six times the thickness of the test bar. The present 
specifications provide a pin of diameter four times the thickness 
of the bar. 


Fic. 23.—Quality Factors 


EFFECT OF VARIOUS Factors UPON THE RESULTS. 


The samples were collected to represent the output under 
commercial mill conditions, so that there was no attempt, except 
in the series of new rails, to impose artificial conditions necessary 
to determine the effect due to the*continued variation of each 
of the several factors, namely: design of bar, size of bar, original 
position in rail, kind of rail, mill practice, rolling temperature, 
rate of*cooling, and size of rail. However, a wide range of kind 
and size of bar was secured, and the samples permit a com- 
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parison of these variable factors. The comparisons are shown ir. 


diagrammatic form. 


The qualities of the various sizes of bars are of course affected 
by the amount of reduction, the rolling temperature and rate of 
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Fic. 24.—Comparison of Material from Head, Web and Flange, in Per Cent. 


cooling, and also by the fact that the larger bars come usually 
from the head of the rail; so that, as a matter of fact, the size 
and position in the rail are interdependent. 


The origin of the material is, however, the most persistent 
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factor, as is shown in Table VI and Fig. 24, so that in 
determining effects of size and design we will separate first as to 
origin. 

TABLE VI.—COMPARISON OF POSITION IN RAIL. 


Rats. 


Tensile Strength. Elongation. 

per sq. in.) Ratio. |Percent.| Ratio. 
| B |Head. 101 650 100.0 16.3 100 
“* 100810 95.5 16.2 | 100 
Cor.Sq. | E Head... 99 190 100.0 | 17.9 | 100 
| 95 660 96.0 | 17.3 98 
g-in. Pl. Rd. | | 106 470 104.0 15.2 | 90 
3-11 in. Sq. Tw. ....... | Head... 93 480 100.0 18.1 | 100 
3-in. Sq. Tw. |  |Flange...| 90. 000 96.0 | 18.8 | 102 
| “ | 95780 | 101.0 | 15.8 | 83 
[Head 100830 100.0 | 20.0 | 100 
rere | prion | 99 840 99.0 | 18.2 | 91 
PILRd. [web | 108 570 | 107.0 | 15.8 | 7 

New 
| B Head... 92680 | 100.0 | 20.2 100.0 
“  |Web.....| 96590 | 102.0 | 18.8 | 93.0 


1. Comparison of Material from Head, Web and Flange:— 
(See Table VI and Fig. 24.) These diagrams show a distinct 
classification of material upon the basis of its origin. The web 
bars are harder than those from the head, and the flange 
bars softer than the head bars. Thus with the head as 100 per 
cent: 


| Relative | Relative 


Position in Rail. | Tensile Strength. Elongation. 


2. Comparison of Size of Bar.—(See Fig. 25.) In this 
diagram the groups of like origin and mill manufacture have 
been connected. The general tendency of each group is seen 
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to be toward a decrease of strength and an increase of elonga- 
tion as the size of bars increases. However, part of this 
general tendency for all the groups considered together is 
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10 4 4 
Size of Bar, in. % 4 % 14 
Kind of Bar. Number of each Size of Bars. Total. 
A27\|A53\|A 28 108 
Twisted 4 C20 | 63 
Plain 70 
Deformea | B70 B48 118 
Total: 70 68 65 70 68 /8 559 


‘1G. 25.—Effect of Size of Bars. 


due to the fact that the larger sizes of bars were twisted bars. 


3. Comparison of Design of Bar.—(See Fig. 26.) These 
diagrams separate the bars on the basis of origin in the rail. 
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The plain round bars are the strongest and the twisted bars 
the weakest. Thus, for material from the flange: 


| 99 800 | 18.2 
co 101 400 | 16.3 
Deformed Square, 95 600 17.3 


In the case of material from the head of the rail, the indi- 
cations are not so clear. The various designs of smaller bars 
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Fic. 26.—Comparison of Design of Bar. 


are of practically the same quality, but the twisted bars of 
large size are of less strength than the other designs. This is 
partly accounted for by the showing in Table ITI, where it appears 
that the harder twisted bars of large size have been automat- 
ically weeded out from the averages because they broke mainly 
outside the gage length. 

4. Size of Rail.—The results of the tests from rails of vary- 
ing sections are given in Table VII and Fig. 27. 
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5. Relation between Rerolled Bars and Original Rail.—A 
special series of tests was made to determine: 

(a) Relation between the rerolled bar and the original rail; 

(6) Changes in mechanical properties at successive passes. 

For this purpose new rails were used because it was thus 
possible to secure several rails of known and uniform com- 
position. In this way the one changing condition could be 
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Fic. 27.—Comparison of Bars Rerolled from 55-Ib. and 80-Ib. Rail. 


isolated and the effect determined with the fewest tests and 
least labor, and the least interference with the business of the 
mill. 

Mr. P. E. Carhart, of the Illinois Steel Co., was kind 
enough to supply five Bessemer seconds of following composition: 


— 


Weight | Chemical Composition, per cent. 


Rail No. per Yard, | Blow No. 
b. Carbon. Manganese. Sulphur. 
1 75 | 41913-C 0.42 tt 
3 75 | 41929-B + 
4 75 | 41911-C 
5 75 | 41929-C 0.41 ho 
6 60 43418-B 0.41 0.90 0.034 
7 60 43418-B 0.41 | 0.90 0.034 
8 60 43418-C 0.41 0.90 0.034 
9 | 60 | 43409-C | 0.38 0.88 0.038 
10 60 | 0.38 0.87 0.026 


43401-C | 


{ 
| 
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These rails were seconds, physically; each was cut into 
three lengths, and a short piece 1} ft. long. Thus each rail is 
represented by three pieces, 1A, 1B, 1C, about 10 ft. long, and 
a short piece which was used to furnish tension tests. Of the 
latter there are three, two from the head, and one from the 
flange, as shown in Fig. 28. 

The head and web of the 10-ft. lengths were rolled into plain 
reinforcing bars at the Chicago Heights Mill of the Calumet 
Steel Co., and samples were cut from the bars at successive 


TABLE VII.—CoMPARISON OF BARS REROLLED FROM 55-LB. 
AND 80-LB. RAILs. 


| | | 
| | 


Size and Weight | Sizeand Kind | Location | Mill | Elongation, 
of Rail. of Bar. in Rail. Mill. | Strength, | per cent. 
| Ib. per sq. in. 
5-in.-80-Ib....|  3-in. Sq. Tw. Web 97700 | 15.2 
| 
| Head | “ 101400 | 14.0 
“e 1 | 95 900 16.0 
“ “ i} “ “ “ | “ 100 200 14.1 
4-in.-55-Ib..... 3-in, Sq. Tw. Web Cc | 86 700 18.6 
Flange | 85 300 19.4 
zu Head | A 92100 | 17.3 
‘ 1 | “ | 91 200 15.8 
| 
‘ ‘ i} “ | B 95 100 16.4 


passes through the rolls. The head was reduced about six times 
in a cross-section and the web about eleven times. 

Tables VIIT and IX and Figs. 29 and 30, Plate VI, show 
the results of this investigation on the 75-lb. rails. Table X, 
Plate VI, shows the results of the tests on the 60-lb. rails. The 
changes between the original rail and the rerolled bar for both 
the 60 and 75-lb. rails are summarized in Table XI. 

It is apparent that the process of rerolling has raised the 
mechanical quality of this material, and has brought nearer 
together the divergent material from the head and the flange. 
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VARIABILITY OF PRODUCT. 


While the average material is sufficiently high in quality, 
it is still necessary to determine if the material is uniform. For 
this purpose the variability of the tests must be determined. 

The extent to which varying conditions of rail supply and 
mill practice may operate to vary the product is shown in 
Table XII, where results of tests of bars from two mills, B and 
C, one in the middle West and one in the East, are given, to 
which has been added one series from mill A, in the East. 


3" 
454 


Fic. 28. 


On the whole the difference between the output of mills 
furnishing approximately the same product is small. 

In addition to this, the individual results of certain series 
of tests recorded in Figs. 3 to 14 (Plates I and II) have been 
studied, as well as the “bundle averages”; that is, the average 
of the tests from the bundle of ten specimens, with the result 
shown in Table XIII. 

The variability of individual tests with respect to the 
average has been determined, and shown according to the 
standard method in Fig. 31. These curves show the percent- 
age of the total number of tests lying between the average 
and any given percentage (plus or minus) of the average. Evi- 
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Fic. 29.—Change in Tensile Strength and Elongation with Successive Passes; Head of 75-Ib. 1 
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TaBLe VIII.—Stee, rrom New Rats; 


TENSILE S 


MarTerrat rrom Heap or 7 


Pass No. 2; Pass No. 3; Pass No. 4; Pass No. 6; 
reduced reduced reduced reduced 
2.25 times. 2.55 times. 3.35 times. 4.75 times 
Rail | Piece 
No. No. 
Tensile | Elong-| Tensile | Elong-| Tensile | Elong-| Tensile | Elong- 
Strength,| ation, |Strength,| ation, | Strength,| ation, | Strength,| ation, 
Ib. per per lb. per per Ib. per per lb. per per 
8q. in. cent. 8q. in, cent. 8q. in. cent. 8q. In. cent 
A 94700 | 16.5 97000 | 18.25 | 93850 | 18.0 95050 | 21.0 
B 92450 |.18.75 | 97250 | 18.5 92100 | 20.75 | 94700 | 22.75 
1 Cc 91850 | 20.25 95 200 | 17.25 94450 | 19.5 96050 | 22.25 
Aver. | 93000 | 18.5 96 480 | 18.0 93470 | 19.4 95 270 | 22.0 
A 88000 | 20.0 89 400 | 20.0 89 400 | 19.0 87 250 | 21.5 
B 86 850 | 17.5 89 300 | 18.5 87 900 | 17. 90 400 | 20.25 
2 Cc 86 200 17.25 91050 | 15.5 87 500 | 20.0 90 850 | 21.7 
Aver. | 87020 | 18.25 89 920 | 18.0 88 270 | 18.8 89 500 | 21.15 
A 89 550 | ..... 98 100 | 18.0 93900 | 18.0 96 250 | 20.25 
B 93350 | 17.75 95 350 | 19.25 94 250 | 17.5 95 400 | 21.25 
3 Cc 91300 | 19.0 95 600 | 20.0 95 700 | 19.7 94 500 | 21.75 
Aver. | 91400 | 18.4 96 350 | 19.1 94620 | 18.4 95 380 | 21.1 
A 92100 | 14.0 101 500 | 14.5 99 650 | 17.25 | 100950 | 19.75 
B oS eee 101 400 | 16.0 94100 | 15.0 99 400 | 20.0 
4 Cc 2) eee 101 200 | 18.0 103 500 | 16.0 101 850 | 19.2 
Aver. | 94970 | 14.0 101 370 | 16.2 99 080 | 16.1 100 730 | 19.7 
A 89550 | 15.0 95 550 | 20.0 91100 | 19.0 93 450 | 20.5 
B 90 150 | 19.0 92950 | 20.0 88 400 | 21.25 93 050 | 22.0 
5 Cc 91000 | 19.0 93 800 | 20.5 92 550 | 16.5 94400 | 22.7 
Aver. | 90230 | 17.7 94100 | 20.2 90 680 | 18.9 93 630 | 21.7 
I[X.—STEEL ROLLED FroM New Rais; TENSILE S 
Marerrat rrom Wes or 
Pass No. 2; Pass No. 4; Pass No. 6; Pass No. 8; 
reduced reduced reduced reduced 
1.9 times. 3.3 times. 5.4 times. 8.2 times. 
Rail | Piece 
Tensile | Elong-| Tensile | Elong-| Tensile | Elong-| Tensile | Elon 
Strength,| ation, |Strength,| ation, | Strength,| ation, | Strength,| atioz 
lb. per per Ib. per per lb. per per Ib, per per 
8q. in. cent. 8q. in. cent. 8q. In. cent, 8q. in. cent 
A 88 200 | 18.5 93150 | 20.0 90 550 | 20.0 91200 | 19.5 
B 86150 | 18.75 | 91350 | 19.75 | 88600 | 20.25; 88950 | 19.0 
1 Cc 87 600 | 18.0 90 650 | 19.5 90 000 | 17.5 91800 | 17.5 
Aver 87 320 | 18.4 91720 | 19.75 | 89720 | 19.25} 90650 | 18.7 
A 82550 | 19.0 84400 | 20.25 | 84700 | 21.0 86 350 | 18.2 
B 82800 | 17.25 | 84100 | 20.5 85 550 | 21.0 87 850 | 17.5 
2 Cc 83000 | 17.7 85400 | 19.7 85950 | 20.2 84 800 | 20.0 
Aver 82780 | 18.0 84630 | 20.15 | 85400 | 20.7 86 330 | 18.¢ 
A 89750 | 14.5 93200 | 18.25 | 91300 | 19.25 | 90450 | 19.0 
B 88 17.25 | 92300 | 18.25 | 92650 | 180 91750 | 20.7 
3 Cc 88150 | 19.0 91400 | 20.25 | 90050 | ..... | 90900 | 19.0 
Aver 88900 | 16.9 92300 | 18.9 91330 | 18.6 91030 | 19.¢ 
A 91550 | 16.5 94400 | 19.25 | 95950 | 17.25 | 93500 | 20.( 
93 250 . 97 050 7.7 97900 | 19.0 98 500 18 
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REPORT OF COMMITTEE A-1: INVESTIGATION OF 
REINFORCING BARS. 


VIII.—Sree, rrom New Rats; TENSILE STRENGTH AND ELONGATION AT SUCCESSIVE PAssEs. 
ROLLED From Heap or 75-LB. BessemMER Rat. 


Pass No. 7; : 
Pass No. 2; Pass No. 3; Pass No. 4; Pass No. 6; reduced ‘ 
reduced uced reduced reduced 6.45 times. Original 
2.25 times. 2.55 times 3.35 times. 4.75 times. (Finished P 
Rail | Piece Bar.) Half-sise 
No. No 
Tensile | Elong-| Tensile | Elong-| Tensile | Elong-| Tensile | Elong-| Tensile | Elong- 
Strength,| ation, | Strength,| ation, |Strength,| ation, | Strength,| ation, | Strength,| ation, 
per r lb. per per lb. per per lb. per per lb. per r 
8q. in. cent. 8q. In. cent. 8q. in. cent. 8q. In. cent. 8q. In. cent. 
A 94700 | 16.5 97000 | 18.25 | 93850 | 18.0 95050 | 21.0 96400 | 20.1 
B 92450 |.18.75 97 250 | 18.5 92 100 | 20.75 94700 | 22.75 | 94200 | 19.6 = 
1 Cc 91850 | 20.25 95 200 | 17.25 94450 | 19.5 96050 | 22.25 500 | 21.5 
Aver 93000 | 18.5 96 480 | 18.0 93470 | 19.4 95 270 | 22.0 94700 | 20.4 re 
A 88000 | 20.0 89 400 | 20.0 89 400 | 19.0 87 250 90000 | 20.0 
B 86 850 | 17.5 89 300 | 18.5 87 900 | 17. 90 400 | 20.25 | 89700 | 21.2 
2 Cc 86 200 | 17.25 91050 | 15.5 87 500 | 20.0 90 850 | 21.7 88900 | 20.4 Pass No. 4 
Aver 87020 | 18.25 | 89920! 18.0 88 270 | 18.8 89 500 | 21.15 | 86200 | 20.5 
A Oe Enc oe 98 100 | 18.0 93900 | 18.0 96 250 | 20.25 | 96300 | 18.9 
B 93350 | 17.75 95 350 | 19.25 94 250 | 17.5 95 400 | 21.25 | 93800 | 20.4 
3 Cc 91300 | 19.0 95 20.0 95 700 | 19.7 94 500 | 21.75 | 93800 | 20.1 ; 
Aver 91400 | 18.4 96 350 | 19.1 94620 | 18.4 95 380 | 21.1 94630 | 19.8 : 
‘6 Pass No. 6 
A 92100 | 14.0 01 500 99650 | 17.25 | 100950 | 19.75 | 99200 | 19.5 
B 94650 | ..... 101 400 | 16.0 94100 | 15.0 99 400 | 20.0 98800 | 19.1 
4d Cc _ 3 ae 101 200 | 18.0 103 500 | 16.0 101 850 | 19.25 | 98400 | 18.1 
Aver. | 94970 | 14.0 | 101370 16.2 99080 | 16.1° | 100730 | 19.7 98 800 | 18.9 
A 89550 | 15.0 95 550 | 20.0 91100 | 19.0 93450 | 20.5 93 200 ‘0 
B 90150 | 19.0 92950 | 20.0 88 400 | 21.25 93 050 | 22.0 93100 | 21.4 
5 Cc 91000 | 19.0 93 800 | 20.5 92 550 | 16.5 94400 | 22.7 93000 | 21.5 Pass No. 7 
Aver. | 90230 | 17.7 94100 | 20.2 90 680 | 18.9 93 630 | 21.7 93100 | 21.2 
TasBLeE [X.—STEEL ROLLED From NEw Rais; TENSILE STRENGTH AND ELONGATION AT SUCCESSIVE PASSES. 
Marerrat rrom Wes or 75-13. Bessemer Rar. 
Pass No. 11; 
| Pass No. 2; Pass No. 4; Pass No. 6; Pass No. 8; reduced Original 
reduced reduced reduced reduced 11.9 times. rigi 
7 | 1.9 times. 3.3 times. 5.4 times. 8.2 times. a 3 Rail. 
ar. 
Rail | Piece Half-size 
| 
a Tensile | Elong-| Tensile | Elong-| Tensile | Elong-| Tensile | Elong-| Tensile 
Strength,| ation, |Strength,| ation, | Strength,| ation, |Strength,| ation, | Strength, 
lb. per per per per b. per per lb. per per lb. per 
sq.in. | cent. | sq.in. | cent. | sq.in. | cent. | sq.in. | cent sq. in. 
A 88 200 | 18.5 93150 | 20.0 90 550 | 20.0 91200 | 19.5 96 600 
B 86 150 | 18.75 | 91350 | 19.75 | 88600 | 20.25 | 88950 | 19.0 96 100 
al 1 Cc 87 600 | 18.0 650 | 19.5 90000 | 17.5 91800 | 17.5 95 200 
Aver 87 320 | 18.4 91720 | 19.75 | 89720 | 19.25 | 90650 | 18.7 95 970 Y 
-— A 82550 | 19.0 84400 | 20.25; 84700 | 21.0 86 350 | 18.25 | 93300 La 
B 82800 | 17.25] 84100 .5 85 550 | 21.0 87 850 | 17.5 800 Pass No. 6 
2 Cc 83000 | 17.7 85400 | 19.7 85950 | 20.2 84 800 | 20.0 90 600 
_ Aver 82780 | 18.0 84630 | 20.15 | 85400 | 20.7 86 330 | 18.6 91 570 
.0 
f 3 | C | 88150 | 19.0 | 91400 | 20.25| 90050 | ..... 
ode: Pass No. 8 


j 
B 93 250 13.5 | 97050 7.7 97 900 19.0 98 500 18.0 101 400 | 18.5 eer : f : 


| 
A Onginal a B 
80000 
Rail'No/ Rail Nae Fail Nos 
_ 30 é| ¢ & & 
2 A Original Rail 
4 ~ 
2 4 6 & 10 12 2 4 6 8 10 12 2 a 6 & 10 12 
Number of Times Reduced. Number of Times Reduced. Number of Times Reduced. 


Fic. 30.—Change in Tensile Strength and Elongation with Successive Passes; WV 


TABLE X.—STE 
Pass No. 2; 
reduced 
1.42 times. 
Rail | Piece 
No. No. 
Tensile | Elong- 
Strength,| ation, 
Ib. per per 
sq. in. | cent. 
A 94 700 | 18.5 
B 97 400 | 17.0 
6 Cc 94875 | 20.5 
Aver. 95 658 | 18.7 
A 99 750 | 20.0 
B 97 650 | 19.75 
7 Cc 94125 | 17.0 
Aver 97175 | 18.9 
A 97 17.75 
B 93450 | 16.75 
8 Cc 95950 | 19.25 
Aver 95 733 | 17.9 
A 90 750 | 21.5 
B 87 050 | 21.0 
9 Cc 87 950 | 22.0 
Aver 88 583 | 21.5 
A 22.25 
B 91100 | 23.5 
10 Cc 90 400 | 23.0 
Aver. 89 466 9 
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TaBLeE [X.—STEEL ROLLED FROM NEw 


Marerrat Roiizp 


ginal Rajf Original Rail 
99500- — 100000 
Rail Ne Rai 
| 
HE 
| 
Lew 
@ 
2 4 6 ( 4 
Number of Times Reduced. Number of Times Reduced. 
asses; Web of 75-lb. Rail. 


X.—STEEL ROLLED FROM NEW RaAlILs; TENSILE STRENGTH AND ELONGATION AT SUCCESSIVE PAssEs, 
Mareriat From Heap 60-Ls. Bessemer Rat. 


Pass No. 2; Pass No. 4; Pass No. 6; 
reduced reduced reduced 
1.9 times. 3.3 times. 5.4 times. pe 
Tensile Elong-| Tensile | Elong- 
Strength, ation, | Strength,| ation, | 

lb. per per lb. per per $e 
sq. in. cent. 8q. in. cent, | 

88 200 20.0 90 550 | 20.0 

86 150 19.75 | 88600 | 20.25 | 

87 600 19.5 90 000 | 17.5 

87 320 19.75 | 89720 | 19.25 | 

82 550 20.25 | 84700 | 21.0 

82 800 20.5 85 550 | 21.0 

83 000 19.7 85950 | 20.2 

82 780 20.15 | 85400 | 20.7 

89 750 18.25 | 91300 | 19.25 e 
88 800 18.25 92 650 .0 

88 150 20.25 | 90050 | ..... | 

88 900 18.9 91330 | 18.6 

91 550 19.25 | 95950 | 17.25 | 

93 250 7.7 97900 | 19.0 

94 500 17.0 97 800 | 19.0 , 
93 100 18.0 97 220 | 18.4 | : 
85 350 19.75 | 87000 | 19.0 

88 700 19.25 | 88350 | 19.5 

5 88 900 20.5 88 500 | 20.5 | 
87 650 19.8 | 87950 | 19.7 | 


No. 2; Pass No. 4; 

lu redu 

times. 3.00 times. 

Half-size 

e | Elong-| Tensile | Elong-{| Tensile Elong-| Tensile 

h,| ation, | Strength,| ation, | Strength, ation, | Strength, 

r r lb. per per lb. per per lb. per 

> cent. Sq. In. cent. 8q. in. cent. 8q. In, 

0} 18.5 95 600 | 20.0 19.8 98 000 

0 | 17.0 99 075 | 19. 101 525 93 000 

5 | 20.5 97 750 | 19.25 5 000 19.0 96 900 

8 | 18.7 97475 | 19.4 93 575 8 95 970 
0 | 20.0 82 850 | 18.5 97 100 .45 | 97000 
0 | 19.75 | 99900 | 19.0 101 650 5 97 000 Pass No. 5 
5 | 17.0 94 650 | 20.25 | 100 . .75 98 700 “ 
5 | 18.9 92466 | 19.25 | 99650 | 18.4 19. 2 97 570 
0 | 17.75 | 94450 | 19.0 96 500 | 19.5 16. 5 97 250 
O | 16.75 | 99500 | 19.0 95 300 | 19.5 20. -75 | 93900 
0 | 19.25 | 90300 | 20.0 94 000 | 22.0 19. 0 98 850 
3 | 17.9 94750 | 19.3 95 266 | 20.3 18.75 75 | 96660 
0 | 21.5 18.5 100 100 | 22.0 20.25 .25 | 91500 
0 | 21.0 92125 | 21.25 | 84 18.5 21.25 5 86 500 
0 | 22.0 2 20.25 | 92550 | 22.75 21.25 5 90 600 
3 | 21.5 91325 | 20.0 92 380 | 21.1 20.9 4 89 530 
o | 22.25| s4825|19.25| 94925 | 22.5 22.0 .75 | 92200 Pass No. 4 
0 | 23.5 87 725 | 23.25 | 96900 | 15.5 21.75 .0 88 
0 | 23.0 95650 | 22.75 | 89100 | 22.0 22.5 .0 91 700 
6 9 89 400 | 21.8 93 642 | 20.0 22.1 9 90 900 


B | | 13.5 | 97050 | 7.7 | 97900 | 
| 
Ne 


Digiral 
Original Av. 104 000 Original Rail 
Rail No.4 Fatt No.5 
™ 
2 4 6 & 0 2 2 4 6 & 0 12 2 4 6 8 10 812 
Number of Times Reduced. Number of Times Reduced. Number of Times Reduced. 


e Strength and Elongation with Successive Passes; Web of 75-lb. Rail. 


TaBLe X.—Sree, rrom New TENSILE STRENGTH AND ELONGATION AT SUCCESSIVE PASSES. 
Mareriat Roiitep rrom Heap or Bessemer Ral. 


| Pass No. 9; 
Pass No. 2; Pass No. 4; Pass No. 5; Pass No. 7; reduced = 
reduced reduced reduced uced 6.85 times. Oneiaal 
1.42 times. 3.00 times. 3.40 times 4.80 times. as a 
Rail | Piece 
Cross-sections. 
Tensile | Elong-| Tensile | Elong-| Tensile | Elong-| Tensile | Elong-| Tensile | Elong-| Tensile | Elong- 
Strength,| ation, | Strength,| ation, | Strength,) ation, | Strength, ation, | Strength,| ation, | Strength,| ation, 
lb. per per lb. per per lb. per per lb. per per lb. per per lb. per per 
8q. in. cent. 8q. in. cent. sq. in. cent. 8q. in. cent. 8q. in. cent. 8q. in. cent. 
A 94 700 | 18.5 95 600 | 20.0 21.5 97 350 | 20.5 97 325 | 19.8 98000 | 16.0 
B 97 400 | 17.0 99 075 | 19.0 101 525 | 18.5 500 | 20.5 850 | 20.5 93000 | 16.0 
6 Cc 94875 | 20.5 97 750 | 19.25 5000 | 20.0 94950 | 19.0 94725 | 19.0 15.0 
Aver. 95 658 | 18.7 97475 | 19.4 93 575 | 20.0 100 266 | 20.0 96 300 | 19.8 95970 | 15.7 
A 99750 | 20.0 82850 | 18.5 97 100 | 19.75 97 850 | 19.25 98 200 | 20.45 97000 | 17.0 
B 97 650 | 19.75 99900 | 19.0 101 650 | 20.5 106 300 | 19.0 98000 | 20.5 97 000 | 18.5 Pass No. 5 
7 Cc 94125 | 17.0 94 650 | 20.25 | 100200 | 15.0 98 300 | 20.5 97 650 | 19.75 98700 | 15.0 , 
Aver. 97175 | 18.9 92 466 | 19.25 99 650 | 18.4 100 816 | 19.6 97 950 | 20.2 97 570 | 16.8 
A 97900 | 17.75 94450 | 19.0 96 500 | 19.5 104 275 | 16.75 95650 | 19.5 97 250 | 17. 
B 93450 | 16.75 | 99500 | 19.0 95 300 | 19.5 98 250 | 20.25 500 | 20.75 93900 | 16.0 
8 Cc 95950 | 19.25 | 90300 | 20.0 94 22.0 99 400 | 19.25 96 475 | 22.0 98 850 | 17. 
Aver. 95 733 | 17.9 94750 | 19.3 95 266 | 20.3 100 642 | 18.75 96 208 | 20.75 96 660 | 1 
A 90 750 | 21.5 94600 | 18.5 100 100 | 22.0 98950 | 20.25 92650 | 20.25 91500 | 19.5 
B 87 050 | 21.0 92 125 | 21.25 84 500 | 18.5 94 100 | 21.25 92000 | 22.5 86 500 | 17.5 
9 Cc 87 950 | 22.0 87 250 | 20.25 92 550 | 22.75 88 375 | 21.25 91700 | 21.5 90 600 | 17.5 
Aver. 88 583 | 21.5 91 325 0 92 380 | 21.1 93 808 | 20.9 92116 | 21.4 89 530 | 18.2 
| A | 86900 | 22.25| 84825 |19.25| 94925 | 22.5 22.0 | 92150 | 20.75 | 92200 | 20.5 Pass No. 4 
B 91100 | 23.5 87 725 | 23.25 15.5 83 125 | 21.75 92 150 | 21.0 800 | 15.5 
10 | Cc | 90 400 | 23.0 95 650 | 22.75 89 100 | 22.0 90 550 | 22.5 92000 | 21.0 91700 | 20.0 
Aver. 89 466 | 22.9 89 400 | 21.8 93 642 | 20.0 89891 | 22.1 92 100 | 20.9 90 900 | 18.7 


TABI 
Ps 

1 

Rail | Piece 
No. No. 

Ter 

Stre 

lb. 

sq. 

A 88 

B 86 

1 Cc 87 
Aver 87 

A 82 

B 82 

2 Cc 83 
Aver 82 

A 89 

B 88 

3 Cc 88 
Aver 88 

A 91 

B 93 

4 Cc 94 
Aver 93 

B 88 

5 Cc 88 
Aver 87 
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TABLE IX.—STEEL ROLLED FROM NEw RAILs; TENSILE STRENGTH AND ELONGATION AT SUCCESSIVE PASsEs. 
Marerrat Routep rrom Wes or BesseEMER Rat. 


Pass No. 11; | 
Pass No. 2; Pass No. 4; Pass No. 6; Pass No. 8; reduced ma 
reduced reduced reduced reduced 11.9 times. Original 
1.9 times. 3.3 times. 5.4 times. 8.2 times. (Finished Rail. 
Bar.) Half-size 
No. Cross-sections. 
Tensile | Elong-| Tensile | Elong-| Tensile | Elong-| Tensile Elong-| Tensile | Elong-| Tensile | Elong- 
Strength,| ation, | Strength, ation, | Strength,| ation, |Strength,| ation, |Strength,| ation, | Strength,| ation, 
lb. per per . per per lb. per r lb. per per lb. per per Ib. per per 
sq. in. cent. sq. in. cent. sq. in. cent. 8q. in. cent. sq. in. cent sq. in. cent. 
A 88 200 | 18.5 93150 | 20.0 90 550 | 20.0 91200 | 19.5 96 600 | 18.0 99000 | 16.5 
B 86 150 | 18.75 | 91350 | 19.75 | 88600 | 20.25 | 88950 | 19.0 96 100 | 19.3 ae aon 
Cc 87600 | 18.0 90650 | 19.5 90000 | 17.5 91800 | 17.5 05 
iver. | 87320 | 18.4 91720 | 19.75 | 89720 | 19.25] 90650 | 18.7 95970 | 18.7 99 000 Y 
A 82550 | 19.0 84400 | 20.25 | 84700 | 21.0 86350 | 18.26 | 93300/ 19.7 | ...... 
B 82800 | 17.25 | 84100 | 20.5 85 550 | 21.0 87 850 | 17.5 2 8 eee Pass No. 6 
Cc 83000 | 17.7 85400 | 19.7 85950 | 20.2 84 800 | 20.0 90 600 | 19.6 92 500 
iver. | 82780 | 18.0 84630 | 20.15 | 85400 | 20.7 86 330 | 18.6 91 570 | 19.6 92 500 
A 89750 | 14.5 93 200 | 18.25] 91300 | 19.25 450 | 19.0 1:0 500 | 18.3 99 500 
B 88 800 17.25 | 92300 | 18.25 | 92650 | 18.0 91750 | 20.75 96600 | 18.4 | ...... 
Cc 88150 | 19.0 91400 | 20.25] 90050 | ..... 900 | 19.0 
\ver 88900 | 16.9 92300 | 18.9 91330 | 18.6 91030 | 19.6 98070 | 18.6 99 500 
A 91550 | 16.5 94400 | 19.25 | 95950 | 17.25 | 93500 | 20.0 | 104000 | 17.4 
B 93 250 | 13.5 97 050 97900 | 19.0 98 500 | 18.0 
Cc 94500 | 14.0 96750 | 17.0 97 800 | 19.0 96000 | 16.5 | 100700 | 18.0 | 104000 
kver. | 93100 | 14.7 96070 | 18.0 97 220 | 18.4 96000 | 18.2 102030 | 18.0 | 104000 
A 85350 | 18.0 87900 | 19.75 | 87000 | 19.0 83 700 | 21.0 95000 | 18.9 100 000 @ 
B 88 700 | 22.0 87750 | 19.25 88350 | 19.5 90650 | 18.0 96 300 | 19.7 Pe aS 
Cc 88900 | 18.0 89550 | 20.5 88 500 | 20.5 91100 | 18.2 94 600 | 18.6 Sanat eee Pass No. 11 
kver. | 87650 | 19.3 88400 | 19.8 87950 | 19.7 90150 | 19.1 95 300 | 19.1 100 000 | 15.5 
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dently the four series examined show a regular variation and 
the material is not erratic. ‘The individual series upon which 
Fig. 31 is based are shown in Fig. 32. 


TABLE XI.—SUMMARY SHOWING EFFECT OF REROLLING. 


75-LB. Ratu. 
Position in i i . Original | Rerolled 
Properties Considered Rail, 
Tensile Strength, Ib. per sq. in............0200e00e- 97150 | 93480 
| 
| 
Tensile Strength, Ib. por 0G. 99000 96580 
| 


60-LB. Ratu.? 


Tensile Strength, lb. per sq.in..... 94 130 94 940 
| 


1 Abstract from Table Vul. 
2 Abstract from Table X. 


Ninety per cent of the tests lie within a variation of 15 
per cent (plus or minus) of the average and the remaining 10 
per cent exhibit an increasing variability up to 30 per cent. 


TABLE XII.—CoMPARISON OF TESTS ON BARS FROM DIFFERENT MILLS. 


MATERIAL FROM FLANGE. 


Mill. Size and Kind | Tensile Strength, Elongation, 


of Bar. | . per sq. in. per cent. 
B $-in. Def. Rd. | 291 650 16.4 
Cc $-in. Pl. Rd. | 101 420 | 17.7 


MatTertaL FrRoM 


B | 95.000 | 17.0 
* | 99 500 19.0 
A | $1" “ 93 600 | 17.4 
« | 92 600 18.0 
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This variability is based upon a sufficient number of tests, 
and it may be assumed that the maximum and minimum values 
have been determined. To judge of the significance of the 
variability, this range should be compared with the range of 
other classes of steel with which we have had experience, and 
for which rules are fixed. . 

Discussion of Variability—The writer has not had access 
to any series of tests comparable to these, from which he might 
derive similar data of variability. A range of individual bars 
from +12 per cent to —12 per cent of the average corresponds 


TABLE XIII.—REROLLED RAIL STEEL; APPROXIMATE VARIABILITY FACTORS. 


Tensile Ee. Yield Point. 
: : | Percentage | Percentage Percentage 
Sine Kind | Mill. Range of Range of Range of 
, | from+12% | Bundle | Single Bundle 
| to—12% of | , Averages | Values, Averages 
Average. | from Whole Max. to from Whole 
Average. | Min. Average. 
Tw...... A 83.1 18.4 21.2 
Def. Rd...) B 66.5 4.8 | 52.8 9.2 
4 Tw...... | 69.0 18.3 51.2 
PL...... oD $2.8 15.8 49.3 12.9 
Def. 94.8 8.3 39.0 8.3 
“ Def. Sa..|} E {| 73.8 6.0 47.4 
73.8 19.7 45.0 


to the specification limits of from 55,000 to 70,000 Ib. per sq. in. 
set for the tensile strength of structural-steel reinforcing bars. 
It will be seen that, on the average, 80 per cent of the rerolled 
bars lie within this range. ‘The variability of the yield point is 
nearly of the same degree as that of the tensile strength. 

The variability of high-carbon billet steel used fer rein- 
forcing bars should be known for comparison with the writer’s 
tests, but no data are available to the writer. 

One important application of the variability data is in 
fixing a lot for test, that is, the number of tons represented by 
a sample bar. The present specifications for high-carbon billet 
reinforcing bars fix one test per ten-ton lot. In the 


case of 
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rerolled rail steel, the variation in the carbon content of rails 
of varying section should be recognized. Inasmuch as the 
rerolling mills must fix their rolls for a rail of given width of 
base, any run of the mill must include rails of nearly the same 
section; so that, in fixing a lot for testing, the variation in the 
quality of steel from rails of varying size will be met by specify- 
ing that the lot to be sampled shall be rolled from rails differing 
not more than 10 lb. nominal weight of section. On this basis 
a lot of the size equal to that specified for high-carbon billet 
steel may be used. 


30 


|| | | 
————— Square Twisted Bars 
-—-—-—- 2" Deformed Round Bars ( H). 
© 
10 
‘ 
— 
os 20 40 60 80 100 


Percentage of Total Number of Tests 


Fic. 31.—Percentage of Total Number of Tests lying within any given Per- 
centage of the Mean Tensile Strength. 


Some facts of reinforced concrete building construction 
will be useful in judging of the variability to be allowed in 
reinforcing steel. A reinforced concrete unit, such as a beam, 
slab or column, employs a number of bars. Thus, in a band of 
bars in a flat slab there may be as many as 20 bars, of small 
size, below { in.; in an ordinary one-way slab, as many as 12 
bars in a width that acts integrally; in a column, 4 to 20 bars; 
in a beam, 5 to 12 bars; in a footing, more than 25 bars. It 
should be recollected that the tendency in reinforced concrete 
building construction is toward flat slabs, and spiral columns, 


4 
ng 

| 
j 

on 

| 

| 

| 

‘ 
| 

i 


122 


REPORT OF COMMITTEE A-1 (APPENDIX ID). 


140 0 10 20 30 40 50 60 
130 
120 
110 
5 
2 
° 
100 
Cc 
o 390 
80 
Legend. 
Ae Square Bars, 132 Tests; 
Mean Tens. Str. = 99 540 
___ _ _ Square Twisted Bars; 53Tests; 
70- Mean Tens. Str. = 92 100 Ibs, We 
Found Bars (H), 69 Tests; 
Mean Tens. Str. = 101 650 lbs,» . 
“Deformed Found Bars (F), 70 Tests; 
Mean Tens. Str. = 100 810 lbsn. 
i l 
605 10 20 30 40 50 60 


Percentage of Total Number of Tests. 


Fic. 32.—Percentage of Total Number of Tests lying between 


the Mean and any given Percentage of the Mean, 
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all of which use small rods. The nature of concrete is to spread 
loads, and average up physical conditions. It would appear 
that a greater variability of product is therefore admissible 
than in other steel structures, where a structural unit compre- 
hends a few bars. 

Bars in concrete are protected from sharp impacts and 
sudden loads, and do not need the same toughness as in other 
structures. Nor are they subjected to the shop processes that 
demand a tough material. Large concrete bars are, however, 
usually bent with a maximum bend of 45 deg., small bars 
to 90 deg. and at times to 180 deg. Here a certain tough- 
ness is required, and the bars receive effective field test when 


TABLE XV.—TABLE SHOWING ACCEPTANCES UNDER PRESENT 
SPECIFICATIONS (AVERAGE OF TABLE XIV). 


Percentage of Number of Bars passing. 


Kind. Size of Bar. | | Tensile | Yield | Elonga- | All 
| | Bend. Strength. | Point. | tion. Tests. 
| 92.1 94.1 95.9 95.0 83.4 
|lin. and below....| 92.0 94.6 96.4 95.0 | 84.0 
Bars. 3 in. and below ..| 97.0 96.0 98.7 99.3 | 92.0 
Other | 97.2 99.0 | 98.2 | 95.1 
ther |1in. and below....| 98.0 99.0 98.2 | 98.3 | 95.7 
Bars. (2 in. and below... 99.0 99.2 100.0 99.0 97.0 

| 


they are bent. In Europe it is common to give short bends 
for anchorage, and in this country for stirrups. Difficult bends 
on large bars should not be made cold. 


APPLICATION OF PRESENT SPECIFICATION TO RESULTS 
oF TESTs. 


In order to intelligently prepare a specification, the results 
of its application to the product should be determined. 

The present specifications of the American Society for 
Testing Materials for reinforcing bars of hard grade have been 
applied to these tests. The hot-twisted billet-steel bars were 
classed as deformed bars. 

The results of the present application will be more severe 
than in practice because, first, some bars were tested that would 
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be rejected on inspection; and second, none of the deformed 
bars were planed to uniform section. 

Table XIV_ shows the results of this application, which 
are summarized in Table XV. It is evident that not enough 
samples were collected of material beyond 1 in. in diameter, 
and moreover the 1} and 1}-in. bars from mill C represent 
material that would have been rejected upon surface inspection, 
so that the results of bars 1 in. and below would be more sig- 
nificant of the facts than the entire series of tests. In drawing 
general conclusions it is necessary to separate those bars above 
1 in. in diameter. Whether plain bars of this size would be 
any better is not known, because none were collected. How- 
ever, the indications are that the twisted bars are inferior to 
the others. It should be stated, however, that the difficulty 
of rerolling good material will increase with the size of bar 
for the reason that there will not be enough reduction from the 
head of the rail to the finished bar, and any flaw or segregations 
in the head of the original rail are not so likely to be effaced in 
the rolls. 

It is difficult to find rails of sufficiently large head to roll 
such large bars as 1} and 1} in. The proportion of the product 
rolled in these sizes is small. 

It will be noticed that the twisted bars fail more often 
under the bend test than under the other forms of test. This is 
probably due partly to the fact that those tension bars which 


broke outside the gage length are not included in the tension 
test averages. 


{For discussion of this investigation, see pp. 169-174.—Ep.] 
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APPENDIX III. 


REPORT OF THE INVESTIGATION OF 
WROUGHT STEEL WHEELS 


CONDUCTED UNDER THE DIRECTION OF SuB-COMMITTEE VII, 
ON ROLLED STEEL WHEELS AND STEEL TIXZEs, 
OF COMMITTEE A-l. 


PHILADELPHIA, January 30, 1913. 
Mr. A. A. STEVENSON, Chairman, 
Sub-Committee VII, Committee A-1, A. S. T. M., 


Morris Building, Philadelphia, Pa. 


Dear Sir: 


Under date of March 1, 1912, you appointed the following 
as a Sub-Committee on Investigation of Wrought Steel Wheels: 
G. Aertsen, The Midvale Steel Co., Chairman. 


C. D. Young, Engineer of Tests, The Pennsylvania 
Railroad Co.; 

C. F. W. Rys, Metallurgist, Carnegie Steel Co.; 

C. S. Churchill, Chief Engineer, Norfolk & Western 
Railway Co. 


To this sub-committee was added, subsequently: 


Mr. H. A. Benedict, Mechanical Engineer, Public 
Service Railway Co., Newark, N. J. 


The sub-committee was to consider the following questions: 


1. Mating and grouping; 3. Thermal tests; 
2. Analyses; 4. Drop tests. 
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Meetings were held May 28, 1912, at Philadelphia, and July 
30, August 8, 9 and 10, October 1 and 2, 1912, at Altoona. 

The tests referred to in this report may be described in 
detail as follows: 

The M. C. B. Standard Thermal Test is that described by 
the M. C. B. Specifications for Cast-Iron Wheels, the ring of 
molten cast iron being 13 in. thick, removed from the tread of 
the wheel promptly after setting, say 2} to 3} minutes after pour- 
ing is stopped. 

The Double Thermal Quench Test is the same as above, 
except that the ring of molten cast iron is 3 in. thick, allowed to 
set from 4 to 43 minutes after pouring, the wheel being then 
immersed in water about 1} to 2} minutes after the removal of 
the cast-iron ring and left in the water from 4} to 6 minutes, 
or until cold. 

The M. C. B. Standard Drop Test is that provided by the 
M. C. B. Specifications for Cast-Iron Wheels and consists in 
supporting the wheel at three points under the back of the rim 
and striking the front projection of the hub 12 blows with a 
200-lb. tup falling 12 ft. 

The Destruction Test was made under the axle drop at the 
Juniata Shops of The Pennsylvania Railroad Co., the wheel lying 
on its back supported at three points under the back of the rim. 
On the front projection of the hub was placed a “‘ peg”’ consisting 
of a piece of steel about 10 in. in diameter, 10 in. high, weighing 
about 200 lb. This was used to insure the hub projection being 
struck a fair blow by the hammer-face of the falling tup, which 
weighed 1640 lb. The first blow was delivered from a height of 
5 ft., the next 10 ft., the next 15 ft., and the next 20 ft. 

During the thermal test the streams of molten cast iron 
cut the flange of each wheel where they struck during pouring. 
As no signs of other damage were visible, the examinations 
of the wheels after the thermal tests were reported as “‘O. K.” 

The following tests were made: 

The Pennsylvania Railroad Co. procured 8 wheels, two 
from each of the four American manufacturers. Each wheel 
was analyzed before testing, drillings being taken from two points 
90 deg. apart on the same circumference about 3 in. inside the 
rim. Drillings were not mixed, but a part of each sample was 
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TABLE I.—RESULTS OF TESTs. 


Wheel. . 
Kind of Test. 
\ | B € Dd E F | G | H 
M. C. B. Dror. | 
Number of Blows....... | 12 | 
Enepection........-+++-- 0. K. | O.K. | 0. K. | 0. K. | | 
Number of Blows....... 18 | 8 | 18 18 cone o 
O. K. | O. K. | 0. K. | O. K. 
THERMAL........ .... .... |Normal Normal Normal, Normal 
DovusLe THERMAL AND | 
O.K. | 0. K. | 0. K. | 0.K. | 0.K. | 0.K.| 0.K. | 0. K. 
| | 
M.C.B. Dror. | | | 
Number of Blows....... Ram ee ae ae 12 12 12 
| | 
1640-LB. Drop. | | 
Deflection, in., after one } 
blow each at: | | 
Hub, None | None’ None Broke az None | None | None 
Rim None | None | None | None | None | None | None 
Rim | None | None 35 None 35 ay 
Hub 37 Broke | Brok« 32 | Brok« | 8 
Hub; Broke| .... | .... Broke| .... | 


DESCRIPTION OF WHEELS AFTER DESTRUCTION. 


A.—Hub punched out. Rim intact. Plate shattered. No sign of 
previous fracture. 

B.—Broke through rim on both sides about 150 deg. apart, crack 
extending around plate through punched hole and leaving hub 
attached to other side of plate. No sign of previous fracture. 

C.—Hub punched out. Rim intact. No sign of previous fracture. 

D.—Hub punched out. Rim intact. No sign of previous fracture. 

E.—Hub punched out and plate shattered. Rim intact. No sign of 
previous fracture. 

F.—Broke all around plate. Rimintact. No sign of previous fracture. 

G.—Hub punched out. Rim intact. No sign of previous fracture. 

H.—After blow at 10 ft. there was indication of crack in flange where 
cast iron had struck it in pouring, which crack, after blow at 20 
ft., extended through rim on other side and part way around 
plate. Test stopped at this point. 


1 For description of Thermal and Double Thermal and Quench Tests, see report. 
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sent to the manufacturer of the wheel represented for checking 
purposes. 

One wheel of each pair was subjected to the M. C. B. stand- 
ard thermal test. The wheel was allowed to become cold and 
then examined for surface imperfections. It was then subjected 
to the double thermal and quenching test, examined for surface 
imperfections, and subjected to the M. C. B. standard drop test. 
It was then examined for surface imperfections and tested to 
destruction with the 1640-lb. drop. 

The second wheel of each pair was subjected to the M. C. B. 
standard drop test. It was then examined for surface imper- 
fections and subjected to 18 additional blows from the M. C. B. 
standard drop (200 Ib. falling 12 ft.). It was then examined 


TABLE II.—CHEMICAL ANALYSES. 


| Chemical Composition, per cent. 
Cc Mn ¥ Si 8 Ni | Cr | Cu 
| pee ee 0.699 | 0.624 0.037 | 0.249 | 0.038 0.116 0.025 0.100 
wer arate 0.682 | 0.689 | 0.039 | 0.278 0.030 0.259 0.033 0.095 
0.803 | 0.586 | 0.016 | 0.181 0.026 0.031 | 
ae 0.717 | 0.750 | 0.021 | 0.209 | 0.033 | 0.038 | 0.037 | ..... 
Sos: 0.714 | 0.730 | 0.024 0.194 0.034 | 0.045 ae See 
valet Bia 0.681 | 0.663 | 0.034 0.292 0.045 | 0.132 0.016 0.135 
0.734 0.708 | 0.030 0.163 0.028 0.047 
_ eee 0.693 | 0.692 | 0.040 0.271 0.031 | 0.284 0.027 0.085 


for surface imperfections and subjected to the double thermal 
test and quenched. It was then subjected to the M. C. B. stand- 
ard drop test, examined for surface imperfections, and tested to 
destruction with the 1640-lb. drop. 

Tabulated results of these tests, together with the chemical 
analyses, are given in Tables I and II. 

The committee is unable to offer final recommendations 
upon the four points under consideration, but can only report 
progress as follows: 

1. Mating and Grouping.—Large numbers of wheels have 
been mated and grouped by carbon and put into service by 
different consumers. Until results of these trials are obtained 
the committee can make no recommendations. 

2. Analyses.—The remark under No. 1 applies here also. 
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3. Thermal Tests.—The effect of this test upon rolled steel 
wheels seemsimperceptible. The committee does not recommend 
its incorporation in a specification. 

4. Drop Test.—Information thus far obtained by the com- 
mittee does not seem to justify the recommendation: of any 
test to be applied to groups or individual wheels. The com- 
mittee can only report progress under this head. 

Respectfully submitted, 
G. AERTSEN, 
Chairman, 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 
FOR 
MEDIUM-CARBON STEEL SPLICE BARS. 


ApopTepD AuGusT 25, 1913. 


I. MANUFACTURE. 


: 1. The steel shall be made by the open-hearth process. Process. 
2. (a) The splice bars may be punched, slotted and, in the Finishing. 
case of special designs, shaped either hot or cold. 
(b) Bars that are punched, slotted or shaped cold shall 
be subsequently annealed. 


Il. CHEMICAL PROPERTIES AND TESTS. 


3. The steel shall conform to the following requirements Chemical 
as to chemical composition: eee 


not under 0.30 per cent 
4 not over 0.04 = 


4. An analysis to determine the percentages of carbon, Ladle 
manganese, phosphorus and sulphur shall be made by the A"#¥S** 
manufacturer from a test ingot taken during the pouring of 
each melt, a copy of which shall be given to the purchaser or 
his representative. This analysis shall conform to the require- 
ments specified in Section 3. Drillings for analysis shall be 
taken not less than } in. beneath the surface of the test ingot. 
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Tension Tests. 
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5. Analyses may pe made by the purchaser from finished 
splice bars representing each melt, in which case an excess of 


25 per cent above the requirement as to phosphorus specified in 
Section 3 shall be allowed. 


III. PHYSICAL PROPERTIES AND TESTS. 


6. The splice bars shall conform to the following require- 
ments as to tensile properties: 


Tensile strength, lb. per sq. in 
(See Section 7.) 
Elongation in 2 in., min., per cent 


68 000 — 83 000 


1 600 000 
Tens. str. 


7. The tensile strength may be over 83,000 to and includ- 


Tensile Strength. Ng 85,000 lb. per sq. in., provided that the elongation in 2 in. 


Test Specimens. 


Optional Bend 


is not under 20 per cent. 


J 


Fic. 1. 


8. The bend test specimen specified in Section 9 shall bend 
cold through 180 deg. around a pin the diameter of which is 
equal to twice the thickness of the specimen, without cracking 
on the outside of the bent portion. 

9. Tension and bend test specimens shall be taken from 
the finished bars. Tension test specimens shall be of the form 
and dimensions shown in Fig. 1. Bend test specimens may be 
3 in. square in section, or rectangular in section with two parallel 
faces as rolled. 

10. If preferred by the manufacturer and approved by the 
purchaser, the following bend test may be substituted for that 
described in Section 8: A piece of the finished bar shall bend 
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cold through 90 deg. around a pin the diameter of which is equal 
to twice the greatest thickness of the section, without cracking 
on the outside of the bent portion. 
11. (a) One tension and one bend test shall be made from Number of Tests. 
each melt. 
(b) If any test specimen shows defective machining or 
develops flaws, or if a tension test specimen breaks outside 
the gage length, it may be discarded and another specimen 
substituted. 


IV. WORKMANSHIP AND FINISH. 


12. The splice bars shall be smoothly rolled, true to templet, Workmanship. 
and shall accurately fit the rails for which they are intended. 
The bars shall be sheared to length, and the punching and notch- 
ing shall conform to the dimensions specified by the pur- 
chaser. A variation of 35 in. from the specified size and loca- 
tion of holes, and of 4 in. from the specified length of splice bar, 
will be permitted. Any variation from a straight line in a 
vertical plane shall be such as will make the bars high in the 
center. The maximum camber in either plane shall not exceed 
zs in. in 24 in. , 

13. The finished splice bars shall be free from injurious Finish. 
defects and shall have a workmanlike finish. 


V. MARKING. 


14. The name or brand of the manufacturer and the year Marking. 
of manufacture shall be rolled in raised letters and figures on 
the side of the rolled bars, and a portion of this marking shall 
appear on each finished splice bar. 


VI. INSPECTION AND REJECTION. 


15. The inspector representing the purchaser shall have free Inspection. 
entry, at all times while work on the contract of the purchaser 
is being performed, to all parts of the manufacturer’s works 
which concern the manufacture of the splice bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the splice bars are being fur- 
nished in accordance with these specifications. All tests (except 
check analyses) and inspection shall be made at the place of 
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manufacture prior to shipment, unless otherwise specified, and 
shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 

16. (a) Unless otherwise specified, any rejection based on 
tests made in accordance with Section 5 shall be reported 
within five working days from the receipt of samples. 

(b) Splice bars which show injurious defects subsequent to 
their acceptance at the manufacturer’s works will be rejected, 
and the manufacturer shall be notified. 

17. Samples tested in accordance with Section 5, which 
represent rejected splice bars, shall be preserved for two weeks 
from the date of the test report. In case of dissatisfaction with 
the results of the tests, the manufacturer may make claim for 
a rehearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 
FOR 
HIGH-CARBON STEEL SPLICE BARS. 


ApopTEep AvuGustT 25, 1913. 


I. MANUFACTURE. 


1. The steel shall be made by the open-hearth process. Process. 
2. The splice bars shall be punched, slotted and, in the Finishing. 
case of special designs, shaped at a temperature not less than 
750° C. 


II. CHEMICAL PROPERTIES AND TESTS. 
3. The steel shall conform to the following requirements as Chemical 


to chemical composition: 
notover 0.04 “ 


4. An analysis to determine the percentages of carbon, Ladle 
manganese, phosphorus and sulphur shall be made by the 49@¥S* 
manufacturer from a test ingot taken during the pouring of 
each melt, a copy of which shall be given to the purchaser or 
his representative. This analysis shall conform to the require- 
ments specified in Section 3. Drillings for analysis shall be 
taken not less than } in. beneath the surface of the test ingot. 
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5. Analyses may be made by the purchaser from finished 
splice bars representing each melt, in which case an excess of 
25 per cent above the requirement as to phosphorus specified in 
Section 3 shall be allowed. 


{II. PHYSICAL PROPERTIES AND TESTS. 


6. The splice bars shall conform to the following minimum 
requirements as to tensile properties: 


7. The bend test specimen specified in Section 8 shall bend 
cold through 90 deg. around a pin the diameter of which is 
equal to three times the thickness of the specimen, without 
cracking on the outside of the bent portion. 
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8. Tension and bend test specimens shall be taken from 
the finished bars. ‘Tension test specimens shall be of the form 
and dimensions shown in Fig. 1. Bend test specimens may be 
} in. square in section, or rectangular in section with two parallel 
faces as rolled. 

9. If preferred by the manufacturer and approved by the 
purchaser, the following bend test may be substituted for that 
described in Section 7: A piece of the finished bar shall bend 
cold through 45 deg. around a pin the diameter of which is equal 
to three times the greatest thickness of the section, without 
cracking on the outside of the bent portion. 

10. (a) One tension and one bend test shall be made from 
each melt. 
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(b) If any test specimen shows defective machining or 
develops flaws, or if a tension test specimen breaks outside 
the gage length, it may be discarded and another specimen 
substituted. 


IV. WORKMANSHIP AND FINISH. 


11. The splice bars shall be smoothly rolled, true to templet, 
and shall accurately fit the rails for which they are intended. 
The bars shall be sheared to length, and the punching and notch- 
ing shall conform to the dimensions specified by the pur- 
chaser. A variation of 3; in. from the specified size and loca- 
tion of holes, and of } in. from the specified length of splice 
bar, will be permitted. Any variation from a straight line 
in a vertical plane shall be such as will make the bars high in 
the center. The maximum camber in either plane shall not ex- 
ceed jg in. in 24 in. 

12. The finished splice bars shall be free from injurious 
defects and shall have a workmanlike finish. 


V. MARKING. 


13. The name or brand of the manufacturer and the year 
of manufacture shall be rolled in raised letters and figures on 
the side of the rolled bars, and a portion of this marking shall 
appear on each finished splice bar. 


VI. INSPECTION AND REJECTION. 


14. The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser 
is being performed, to all parts of the manufacturer’s works 
which concern the manufacture of the splice bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the splice bars are being fur- 
nished in accordance with these specifications. All tests (except 
check analyses) and inspection shall be made at the place of 
manufacture prior to shipment, unless otherwise specified, and 
shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 


15. (a) Unless otherwise specified, any rejection based on 
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tests made in accordance with Section 5 shall be reported 
within five working days from the receipt of samples. 

(b) Splice bars which show injurious defects subsequent to 
their acceptance at the manufacturer’s works will be rejected, 
and the manufacturer shall be notified. . 

16. Samples tested in accordance with Section 5, which 
represent rejected splice bars, shall be preserved for two weeks 
from the date of the test report. In case of dissatisfaction with 
the results of the tests, the manufacturer may make claim for 
a rehearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 


FOR 
EXTRA-HIGH-CARBON STEEL SPLICE BARS. 


ApDOPTED AuGustT 25, 1913. 


I. MANUFACTURE. 


1. The steel shall be made by the open-hearth process. _ Process. 
2. The splice bars shall be punched, slotted, sheared and, Finishing. 
in the case of special designs, shaped at a temperature not less 
than 750° C.; except that bars may be cold-sawed to length. 


II. CHEMICAL PROPERTIES AND TESTS. 


3. The steel shall conform to the following requirement as Chemical 
to chemical composition: Composition. 


not over 0.04 per cent 


4. An analysis to determine the percentages of carbon, Ladle 
manganese, phosphorus and sulphur shall be made by the 4®#!¥ses: 
manufacturer from a test ingot taken during the pouring of 
each melt, a copy of which shall be given to the purchaser or 
his representative. This analysis shall conform to the require- 
ment specified in Section 3. Drillings for analysis shall be 
taken not less than } in. beneath the surface of the test ingot. 
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5. Analyses may be made by the purchaser from finished 
splice bars representing each melt, in which case an excess of 
25 per cent above the requirement specified in Section 3 shall 
be allowed. 


III. ,PHYSICAL PROPERTIES AND TESTS. 


6. The splice bars shall conform to the following minimum 
requirements as to tensile properties: 
7. The bend test specimen specified in Section 8 shall bend 
cold through 60 deg. around a pin the diameter of which is equal 
to three times the thickness of the specimen, without cracking 
on the outside of the bent portion. 
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8. Tension and bend test specimens shall be taken from 
the finished bars. Tension test specimens shall be of the form 
and dimensions shown in Fig. 1. Bend test specimens may 
be 3 in. square in section, or rectangular in section with two 
parallel faces as rolled. 

9. If preferred by the manufacturer and approved by the 
purchaser, the following bend test may be substituted for that 
described in Section 7: A piece of the finished bar shall bend 
cold through 30 deg. around a pin the diameter of which is equal 
to three times the greatest thickness of the section, without 
cracking on the outside of the bent portion. 

10. (a) One tension and one bend test shall be made from 
each melt. 
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(b) If any test specimen shows defective machining or 
develops flaws, or if a tension test specimen breaks outside 
the gage length, it may be discarded and another specimen 
substituted. 


IV. WORKMANSHIP AND FINISH. 


11. The splice bars shall be smoothly rolled, true to tem- Workmanship. 


plet, and shall accurately fit the rails for which they are intended. 
The bars shall be sheared to length, and the punching and notch- 
ing shall conform to the dimensions specified by the purchaser. 
A variation of 3; in. from the specified size and location of 
holes, and of $ in. from the specified length of splice bar, will 
be permitted. Any variation from a straight line in a vertical 
plane shall be such as will make the bars high in the center. 
The maximum camber in either plane shall not exceed 3g in. in 
24 in. 
12. The finished splice bars shall be free from injurious Finish. 

defects and shall have a workmanlike finish. 


V. MARKING. 


13. The name or brand of the manufacturer and the year Marking. 
of manufacture shall be rolled in raised letter and figures on 
the side of the rolled bars, and a portion of this marking shall 
appear on each finished splice bar. 


VI. INSPECTION AND REJECTION. 


14. The inspector representing the purchaser shall have Inspection. 
free entry, at all times while work on the contract of the pur- 
chaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the splice bars ordered. 
The manufacturer shall afford the inspector, free of cost, all 
reasonable facilities to satisfy him that the splice bars are being 
furnished in accordance with these specifications. All tests 
(except check analyses) and inspection shall be made at the 
place of manufacture prior to shipment, unless otherwise speci- 
fied, and shall be so conducted as not to interfere unnecessarily 
with the operation of the works. 
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* ‘(a) Unless otherwise specified, any rejection based on 
tests made in accordance with Section 5 shall be reported within 
five working days from the receipt of samples. 

(b) Splice bars which show injurious defects subsequent 
to their acceptance at the manufacturer’s works will be rejected, 
and the manufacturer shall be notified. : 

16. Samples tested in accordance with Section 5, which 
represent rejected splice bars, shall be preserved for two weeks 
from the date of the test report. In case of dissatisfaction with’ 
the results of the tests, the manufacturer may make claim for. 
a rehearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 
FOR 
STRUCTURAL STEEL FOR SHIPS.' 
ADOPTED AuGusT 25, 1913. 
I. MANUFACTURE. 


1. The steel shall be made by the open-hearth process. Process. 


II. CHEMICAL PROPERTIES AND TESTS. 
2. The steel shall conform to the following requirements Chemical 


as to chemical composition: Composition, 
Phosphorous Acid not over 0.06 per cent 
Coe 


3. An analysis to determine the percentages of carbon, Ladle 
manganese, phosphorus and sulphur shall be made by the 4™#!8e* 
manufacturer from a test ingot taken during the pouring of 
each melt, a copy of which shall be given to the purchaser or 
his representative. This analysis shall conform to the require- 
ments specified in Section 2. 

4. Analyses may be made by the purchaser from finished Check 
material representing each melt, in which case an excess of 25 meee 
per cent above the requirements specified in Section 2 shall 
be allowed. 


1 Note.—The requirements for castings for ships have been especially provided for in 
the Standard Specifications for Steel Castings, adopted August 25, 1913, by the American 
Society for Testing Materials (see Year-Book for 1913, pp. 127-132). 


(143) 


; 
‘ 
x 
| 
| 
| 
| 
| 
She 


Tension Tests. 


Modification in 
Elongation. 


Bend Tests. 


Test Specimens. 


144 SPECIFICATIONS FOR STRUCTURAL STEEL FOR SHIPS. 


III. PHYSICAL PROPERTIES AND TESTS. 


5. (a) The material shall conform to the following require- 
ments as to tensile properties: 


Tensile strength, lb. per sq. in.................58 000-68 000 

Elongation in 8 in., min., per cent............. 1 500 000 
(See Section 6.) Tens. str. 


(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 

6. (a) For material over 3 in. in thickness, a deduction of 
1 from the percentage of elongation specified in Section 5 (a) 
shall be made for each increase of } in. in thickness above ? in., 
to a minimum of 18 per cent. 


@ 
------ — ° — PARALLEL SECTION 
‘ ~ H 
' 
= x 
N 
? 2 
y 
> 
Fic. 1. 


(b) For material } in. or under in thickness, the elongation 
shall be measured on a gage length of 24 times the thickness of 
the specimen. 

7. The test specimen shall bend cold through 180 deg. 
without cracking on the outside of the bent portion, as follows: 
For material 3 in. or under in thickness, around a pin the diameter 
of which is equal to the thickness of the specimen; for material 
over { in, to and including 1} in. in thickness, around a pin the 
diameter of which is equal to 13 times the thickness of the speci- 
men; and for material over 1} in. in thickness, around a pin 
the diameter of which is equal to twice the thickness of the 
specimen. 


8. (a) Tension and bend test specimens shall be taken from 
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the finished rolled material, and shall not be annealed or other- 
wise treated, except as specified in Paragraph (0). 

(b) Tension and bend test specimens for material which 
is to be annealed or otherwise treated before use, shall be cut 
from properly annealed or similarly treated short lengths of the 
full section of the piece. 

(c) Tension and bend test specimens, except as specified 
in Paragraph (d), shall be of the full thickness of material as 
rolled; and may be machined to the form and dimensions shown 
in Fig. 1, or with both edges parallel. 

(d) Tension and bend test specimens for plates and bars 
over 1} in. in thickness or diameter may be machined to a thick- 
ness or diameter of at least ? in. for a length of at least 9 in. 

9. (a) One tension and one bend test shall be made from Number of Tests. 
each melt; except that if material from one melt differs 3 in. or 
more in thickness, one tension and one bend test shall be made 
from both the thickest and the thinnest material rolled. 

(b) If any test specimen shows defective machining or 
develops flaws, or if a tension test specimen breaks outside the 
middle third of the gage length, it may be discarded and another 
specimen substituted. 


IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE. 


10. The cross-section or weight of each piece of steel shall Permissible 
Variations. 
not vary more than 2.5 per cent from that specified; except in 
the case of sheared plates, which shall be covered by the follow- 
ing permissible variations to apply to single plates: 
(a) When Ordered to Weight.—For plates 123 lb. per sq. ft. 
or over: 
Under 100 in. in width, 2.5 per cent above or below the 
specified weight; 
100 in. in width or over, 5 per cent above or below the 
specified weight. 


For plates under 12} lb. per sq. ft.: 
Under 75 in. in width, 2.5 per cent above or below the 
specified weight; 
75 to 100 in., exclusive, in width, 5 per cent above or 3 per 
cent below the specified weight; 
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100 in. in width or over, 10 per cent above or 3 per cent 
below the specified weight. 


(b) When Ordered to Gage—The thickness of each plate 
shall not vary more than 0.01 in. under that ordered. 

An excess over the nominal weight corresponding to the 
dimensions on the order shall be allowed for each plate, if not 
more than that shown in the following table, one cubic inch of 
rolled steel being assumed to weigh 0.2833 lb.: 


ALLOWABLE Excess (eXPRESSED AS PERCENTAGE or 
Nominal NominaL Werant). 
Weight, For of Plate as follows: 
in. per 50to | 7Oin. | 75to | 100to 115in, 
aq. ft. 70in.,| or | 100in.,|115in.,| or 
ov in, excl. | over. | £2! | excel, excl. | over. 
to | 510 to 6.37) 10 15 | 20 | 
6.37 7.65| 8.5 12.5 17 
Ys “ } 7.65 10.20 7 10 15 
} 10.20 | 10 14 18 
vs 12.75 _ 8 12 | 16 
15.30 7 10 | 13 17 
ts 17.85 = ” ve 6 8 | 10 13 
4 20.40 7 | 9 12 
22.95 4.5 6.5 8.5] 11 
4 25.50 “a id ste 4 6 8 10 
Over 5 3.5 5 | 65) 9 


V. FINISH. 
Finish. 11. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 
VI. MARKING. 


Marking. 12. The name or brand of the manufacturer and the melt 
number shall be legibly rolled or stamped on all finished material. 
The melt number shall be legibly stamped on each test specimen. 


VII. INSPECTION AND REJECTION. 


Inspection. 13. The inspector representing the purchaser shall have 
free entry, at all times while work on the contract of the purchaser 
is being performed, to all parts of the manufacturer’s works 
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which concern the manufacture of the material ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manu- 
facture prior to shipment, unless otherwise specified, and shall 
be so conducted as not to interfere unnecessarily with the opera- 
tion of the works. 

14. (a) Unless otherwise specified, any rejection based on 
tests made in accordance with Section 4 shall be reported within 
five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to 
its acceptance at the manufacturer’s works will be rejected, 
and the manufacturer shall be notified. 

15. Samples tested in accordance with Section 4, which 
represent rejected material, shall be preserved for two weeks 
from the date of the test report. In case of dissatisfaction with 
the results of the tests, the manufacturer may make claim for 
a rehearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 


PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 


FOR 
RIVET STEEL FOR SHIPS. 


AporTep AuGusT 25, 1913. 
A. Requirements for Rolled Bars. 


I. MANUFACTURE. 
1. The steel shall be made by the open-hearth process. 


II. CHEMICAL PROPERTIES AND TESTS. 


2. The steel shall conform to the following requirements 
as to chemical composition: 


Phosphorous Acid over 0.06 per cont 


3. An analysis to determine the percentages of carbon, 
manganese, phosphorus and sulphur shall be made by the 
manufacturer from a test ingot taken during the pouring of each 
melt, a copy of which shall be given to the purchaser or his 
representative. This analysis shall conform to the requirements 
specified in Section 2. 

4. Analyses may be made by the purchaser from finished 
bars representing each melt, in which case an excess of 25 per 
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cent above the requirements specified in Section 2 shall be 
allowed. 


III. PHYSICAL PROPERTIES AND TESTS. 


5. (a) The bars shall conform to the following requirements Tension Tests. 
as to tensile properties: 


Tensile strength, lb. per sq. in................. 55 000-65 000 

Yield point, min., 0.5 tens. str. 

Elongation in 8 in., min., per cent............. 1 500 000 
(See Section 6.) Tens. str. 


(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 

6. For bars over ¢ in. in diameter, a deduction of 1 from Modifications in 
the percentage of elongation specified in Section 5 (a) shall be a 
made for each increase of } in. in diameter above # in. 

7. The test specimen shall bend cold through 180 deg. Bend Tests. 
flat on itself without cracking on the outside of the bent portion. 

8. Tension and bend test specimens shall be of the full-size Test Specimens. 
section of bars as rolled. 

9. (a) Two tension and two bend tests shall be made from Number of Tests. 
each melt, each of which shall conform to the requirements 
specified; except that if bars from one melt differ 2 in. or 
more in diameter, one tension and one bend test shall be made 
from both the greatest and the least diameters rolled. 

(b) If any test specimen develops flaws, or if a tension test 
specimen breaks outside the middle third of the gage length, 
it may be discarded and another specimen substituted. 


IV. PERMISSIBLE VARIATIONS IN GAGE. 


10. The gage of bars 1 in. or under in diameter shall not vary Permissibi2 
more than 0.01 in. from that specified; the gage of bars over 1 in. V@iations. 
to and including 2 in. in diameter shall not vary more than ¢; in 
under nor more than 3 in. over that specified 


V. FINISH. 


11. The finished bars shall be free from injurious defects Finish. 
and shall have a workmanlike finish. 
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VI. MARKING. 


12. Rivet bars shall, when loaded for shipment, be prop- 
erly separated and marked with the name or brand of the manu- 
facturer and the melt number for identification. The melt 
number shall be legibly marked on each test specimen. 


VII. INSPECTION AND REJECTION. 


13. The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser 
is being performed, to all parts of the manufacturer’s works 
which concern the manufacture of the bars ordered. The manu- 
facturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manu- 
facture prior to shipment, unless otherwise specified, and shall 
be so conducted as not to interfere unnecessarily with the 
operation of the works. 

14. (a) Unless otherwise specified, any rejection based 
on tests made in accordance with Section 4 shall be reported 
within five working days from the receipt of samples. 

(6) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. é 

15. Samples tested in accordance with Section 4, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a 
rehearing within that time. 


B. Requirements for Rivets. 
I. PHYSICAL PROPERTIES AND TESTS. 


16. A copy of the results of tension tests of the rolled bars 
from which the rivets were made shall be furnished for each lot 
of rivets. 
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17. If the test certificate required in Section 16 cannot be Tension Tests. 
furnished, the rivets shall conform to the requirements as to 
tensile properties specified in Sections 5 and 6, except that the 
elongation shall be measured on a gage length as great as the 
length of the rivets tested will permit. 
18. The rivet shank shall bend cold through 180 deg. flat Bend Tests. 
on itself, as shown in Fig. 1, without cracking on the outside of 
the bent portion. 
19. The rivet head shall flatten, while hot, to a diameter Fiattening Tests. 
23 times the diameter of the shank, as shown in Fig. 2, without 
cracking at the edges. 
20. (a) When required in accordance with Section 17, Number of Tests. 
one tension test shall be made from each size in each lot of rivets 
offered for inspection. 


Fic. 2. 


(b) Three bend and three flattening tests shall be made 
from each size in each lot of rivets offered for inspection, each of 
which shall conform to the requirements specified. 


II. WORKMANSHIP AND FINISH. 


21. The rivets shall be true to form, concentric, and shall be Workmanship. 


made in a workmanlike manner. 
22. The finished rivets shall be free from injurious defects. Finish. 


III. INSPECTION AND REJECTION. 


23. Fhe inspector representing the purchaser shall have free Inspection. 
entry, at all times while work on the contract of the purchaser 
is being performed, to all parts of the manufacturer’s works which 
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concern the manufacture of the rivets ordered. ‘The manu- 
facturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the rivets are being furnished in 
accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, 
unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

24. Rivets which show injurious defects subsequent to their 
acceptance at the manufacturer’s works will be rejected, and 
the manufacturer shall be notified. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 
FOR 
RAIL-STEEL CONCRETE REINFORCEMENT BARS. 


ApopTtep AuGuSsT 25, 1913. 


1. These specifications cover three classes of rail-steel con- Classes. 
crete reinforcement bars, namely: plain, deformed. and hot- 
twisted. 

I. MANUFACTURE. 


2. The bars shall be rolled from standard section Tee rails. Process. 
3. Hot-twisted bars shall have one complete twist in a length Hot-twisted 
not over 12 times the thickness of the bar. Bars. 


II. PHYSICAL PROPERTIES AND TESTS. 


4. (a) The bars shall conform to the following minimum Tension Tests 
requirements as to tensiie properties: 


Properties Considered, Plain Bars. | Deformed and Hot- 
| twisted bars. 


Tensile strength, lb. per sq. in.............. 80 000 | 80 000 
Yield point, lb. per sq. in......... 50 000 50 000 


200 000 000 000 
Elongation in 8 in., percent!................ 10 | 


“Tens. str. Tens. str. 


1 See Section 5, 


(b) The yield point shall be determined by the drop of the 
beam of the testing machine. 
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Modifications ia 
Elongation. 


Bend Tests. 


Test Specimens. 


Number of Tests. 


Permissible 
Variations, 
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5. (a) For bars over ? in. in thickness or diameter, a deduc- 
tion of 1 from the percentages of elongation specified in Section 
4 (a) shall be made for each increase of § in. in thickness or 
diameter above 2 in. 

(6) For bars under ;’¢ in. in thickness or diameter, a deduc- 
tion of 1 from the percentages of elongation specified in Section 
4 (a) shall be made for each decrease of jg in. in thickness or 
diameter below 4’ in. 

6. The test specimen shall bend cold around a pin without 
cracking on the outside of the bent portion, as follows: 


Thickness or Diameter of Bar. Plain Bars. Deformed and Hot- 
twisted Bars. 


180 deg 180 deg. 
Under d=3t d=4t 

d=3t d=4t 


Expianatory Nore: d =the diameter of pin about which the specimen is bent; 
t =the thickness or diameter of the specimen. 


7. (a) Tension and bend test specimens for plain and de- 
formed bars shall be taken from the finished bars, and shall be 
of the full thickness or diameter of bars as rolled; except that 
the specimens for deformed bars may be machined for a length 
of at least 9 in., if deemed necessary by the manufacturer to 
obtain uniform cross-section. 

(b) Tension and bend test specimens for hot-twisted bars 
shall be taken from the finished bars, without further treatment. 

8. (a) One tension and one bend test shall be made from 
each lot of ten tons or less of each size of bar rolled from rails 
varying not more than 10 lb. per yd. in nominal weight. 

(b) If any test specimen shows defective machining or 
develops flaws, or if a tension test specimen breaks outside 
the middle third of the gage length, it may be discarded and 
another specimen substituted. 


III. PERMISSIBLE VARIATIONS IN WEIGHT. 


9. The weight of any lot of bars shall not vary more than 
5 per cent from the theoretical weight of that lot. 
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IV. FINISH. 


10. The finished bars shall be free from injurious defects Finish. 
and shall have a workmanlike finish. 


V. INSPECTION AND REJECTION. 


11. The inspector representing the purchaser shall have free Inspection. 
entry, at all times while work on the contract of the purchaser 
is being performed, to all parts of the manufacturer’s works which 
concern the manufacture of the bars ordered. The manufac- 
turer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, 
unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

12. Bars which show injurious defects subsequent to their Rejection. 
acceptance at the manufacturer’s works will be rejected, and 
the manufacturer shall be notified. 


| 
a 
| 
| 
‘ 
| 
| 
| 
| 
| 
| 
| 
| \ 
= 
ver 


AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 
FOR 


COLD-ROLLED STEEL AXLES. 


ApopTtEep AuGusT 25, 1913. 


I. MANUFACTURE. 


Process. 


1. (a) The steel may be made by the open-hearth or any 
other process approved by the purchaser. 
(b) The axles shall be cold-rolled to finished size from hot- 
rolled bars. 
Discard. 2. A sufficient discard shall be made from each ingot to 
secure freedom from injurious piping and undue segregation. 
Il. CHEMICAL PROPERTIES AND TESTS. 
Chemical 3. The steel shall conform to the following requirements 
Composition. 4; to chemical composition: 
CLEC not over 0.40 per cent 
Ladle 4. An analysis shall be made by the manufacturer from 
Analyses. 


a test ingot taken during the pouring of each melt, a copy of 
which shall be given to the purchaser or his representative. 


This analysis shall conform to the requirements specified in 
Section 3, 
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5. Analyses may be made by the purchaser from an axle Check 
representing each melt, which shall conform to the require- A™™9S** 
ments specified in Section 3. Drillings for analysis shall be 
taken from the axle or from the full-size prolongation of the 
same, at any point midway between the center and surface. 


Ill. PHYSICAL PROPERTIES AND TESTS. 


6. (a) The axles shall conform to the following minimum Tension Tests. 
requirements as to tensile properties: 


"Tense streneth, Wb. DET 70 000 


Reduction of area, 


(b) The elastic limit shall be determined by means of an 


extensometer. 
\ | 


7. The test specimen shall bend cold through 180 deg. Bend Tests. 
around a 1-in. pin or mandrel, witnout cracking on the outside 
of the bent portion. 

8. (a) Tension and bend test specimens shall be taken Test Specimens. 
from the full-size prolongation of the axle. The axis of the 
specimen shall be located at any point midway between the 
center and surface and shall be parallel to the axis of the axle. 

(b) Tension test specimens shall be of the form and dimen- 
sions shown in Fig. 1. Bend test specimens shall be 3 in. square 
in section with corners rounded to a radius not over 7; in., 
and need not exceed 6 in. in length. 

9. (a) One tension and one bend test shall be made from Number of Tests. 
each lot of 50 axles or less from each melt. 
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(b) If any test specimen shows defective machining or 
develops flaws, or if a tension test specimen breaks outside 
the gage length, it may be discarded and another specimen 
substituted. 


IV. WORKMANSHIP AND FINISH. 


10. The axles shall conform to the sizes and shapes speci- 
fied by the purchaser, and shall not vary more than 0.002 in. 
from the diameter specified. When centered, 60-deg. centers 
shall be used with clearance drilled for the points. 

11. The axles, either finished or plain, shall be straight 
and free from injurious defects, and shall have a workmanlike 
finish. 


V. MARKING. 


12. Identification marks shall be legibly stamped on each 
axle, and on each test specimen. Unless otherwise specified, 
such marks shall be stamped at about the middle of the length 
of the axle. 


VI. INSPECTION AND REJECTION. 


13. (a) The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the axles ordered. 
The manufacturer shall afford the inspector, free of cost, all 
reasonable facilities to satisfy him that the axles are being fur- 
nished in accordance with these specifications. Tests and 
inspection at the place of manufacture shall be made prior to 
shipment. 

(b) The purchaser may make the tests to govern the accep- 
tance or rejection of axles in his own laboratory or elsewhere. 
Such tests, however, shall be made at the expense of the pur- 
chaser. 

(c) All tests and inspection shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

14. (a) Unless otherwise specified, any rejection based on 
tests made in accordance with Section 13 (d) shall be reported 
within five working days from the receipt of samples. 
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(b) Axles which show injurious defects while being fin- 
ished by the purchaser will be rejected, and the manufacturer 
shall be notified. 

15. Samples tested in accordance with Section 13 (0), which Rehearing. 
represent rejected axles, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a 
rehearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U.S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 
FOR 
WROUGHT SOLID CARBON-STEEL WHEELS FOR 
ELECTRIC RAILWAY SERVICE 


(WITH NARROW TREADS AND SMALL FLANGES). 
ApopTep AuGustT 25, 1913. 


I. MANUFACTURE. 


1. The steel shall be made by the open-hearth process. 
2. A sufficient discard shall be made from each ingot to 
insure freedom from injurious piping and undue segregation. 


II. CHEMICAL PROPERTIES AND TESTS. 


3. The steel shall conform to the following requirements 
as to chemical composition: 


Aci. Basic, 
0.60—-0.80 0.65—0.85 per cent 
Manganese......... 0.55-0.80 0.55-0.80 
Phosphorus......... not over 0.05 not over 0.05 ay 
0.15-0.35 0.10-0.30 “ 


4. To determine whether the material conforms to the 
requirements specified in Section 3, an analysis shall be made 
(160) 
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by the manufacturer from a test ingot taken during the pouring 
of each melt. A copy of this analysis, together with such identi- 
fying records as may be desired, shall be given to the purchaser 
or his representative. 

5. A check analysis may be made by the purchaser from 
one wheel representing each melt, and this analysis shall conform 
to the requirements specified in Section 3. A sample may be 
taken from any one point in the plate; or two samples may be 
taken, in which case they shall be on radii at right angles to each 
other. Samples shall not be taken in such a way as to impair 
the usefulness of the wheel. Drillings for analysis shall be taken 
by boring entirely through the sample parallel to the axis of the 
wheel; they shall be clean and free from scale, oil and other 
foreign substances. All drillings from any one wheel shall be 
thoroughly mixed together. 


III. TOLERANCES. 


6. The wheels shall be machined on both sides of the hub, 
and contour,! rough-bored, and shall conform to the dimensions 
shown on the drawing approved by the purchaser and subject 
to the tolerances herein provided; or if specified by the purchaser, 
wheels may be furnished as rolled, provided they conform to the 
tolerances herein provided. Where wheels are specified by the 
purchaser to be furnished as rolled, it is understood that where 
any machining is necessary rolled tolerances shall govern. 


(a) Height of Flange—The height of flange for machined 
wheels shall not vary more than 7, in. from that 
specified; for rolled wheels, shall not vary more 
than ¢ in. from that specified. 

(b) Thickness of Flange—The thickness of flange for ma- 
chined wheels shall not vary more than 7; in. 
from that specified; for rolled wheels, shall not 
vary more than ;/g in. from that specified. 

(c) Radius of Throat.—The radius of throat for machined 
wheels shall not vary more than 7; in. from that 
specified; for rolled wheels, shall not vary more 
than ; in. from that specified. 


1Contour includes the front face of rim, tread, flange and back face of rim. 


Check 
Analyses. 


Tolerances. 
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(d) Thickness of Rim.—The thickness of rim shall not vary 
more than } in. over nor more than } in. under 
that specified. The thickness of rim shall be 
measured from a base line drawn from the inter- 
section of the throat radius and the tread, parallel 
to the axis of the wheel. 

(e) Width of Rim.—The width of rim for machined wheels 
shall not vary more than ;’g in. from that specified; 
for rolled wheels, shall not vary more than § in. 
from that specified. 

({) Thickness of Plate—The thickness of plate shall not 
vary more than } in. over nor more than § in. under 
that specified. 

(g) Limit Groove-—When limit groove is specified, the loca- 
tion of the center line of the limit-of-wear groove 
shall not vary more than ;g in. from that specified. 

(h) Diameter of Rough Bore—The diameter of rough bore 
shall not vary more than 7g in. over nor more 
than } in. under that specified. When not speci- 
fied, the diameter of rough bore shall be } in. less 
than that of the finished bore, subject to the 
above limitations. 

(1) Diameter of Hub.—The diameter of hub shall not be 
less, but may be } in. more than that specified. 
The thickness of wall of the finished bored hub 
shall not be less than 1 in. at any point for bores 
6 in. in diameter or under, nor less than 1} in. 
for bores over 6 in. in diameter, unless otherwise 
specified. The thickness of wall of the hub shall 
not vary more than ? in. at any two points on the 
same wheel. 

(7) Length of Hub.—The length of hub shall not vary more 
than } in. from that specified. 

(k-1) Projection of Front Face of Hub.—The projection of 
the front face of hub from the gage line shall not 
vary more than ¢ in. from that specified. 

(k-2) Projection of Back Face of Hub.—The projection of 
the back face of hub from the gage line shall not 
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vary more than 3 in. over nor more than 7g in. 
under that specified. 

(1) Black Spots in Hub.—Black spots in rough bore within 
2 in. of either face of the hub shall not exceed 
js in. in depth. 

(m) Eccentricity of Bore-—The eccentricity between the 
tread at its center line and the rough bore shall 
not exceed ¢{ in. 

(n) Block Marks on Tread.—Block marks shall not exceed 
in. in height. 

(0) Rotundity—The wheels shall be gaged with a ring 
gage, and the opening between the gage and tread 
at any point shall not exceed 35 in. for machined 
wheels, nor jg in. for rolled wheels. 

(p) Plane.—The wheels shall be gaged with a ring gage 
placed concentric with and perpendicular to the 
axis of the wheel. All points on the back of the 
rim equidistant from the center shall be within 
a variation of ;; in. for machined wheels and 
ze in. for rolled wheels from the plane of the gage 
when so placed. 

(q) Tape Sizes—The wheels shall not vary more than four 
tapes under nor more than six tapes over the size 
specified. 

(r) Mating —The wheels shall be mated as to tape sizes 
and shipped in pairs. 


7. The manufacturer shall provide suitable gages and tapes 
which shall conform to the contour and dimensions shown on 
the drawing and approved by the purchaser. 


IV. FINISH. 


8. (a) The wheels shall be free from injurious seams, cracks, 
laminations or other defects detrimental to their strength or 
service. 

(b) The wheels offered for inspection shall not be painted 
or covered with any substance that will hide defects, nor rusted 
to such an extent as to hide defects. 


Gages and 
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V. MARKING. 


9. The name or brand and serial number of the manu- 
facturer and the melt number shall be legibly stamped on each 
wheel; and also, if specified, the name and serial number of the 
purchaser. The marking shall be done in accordance with 
Master Car Builders’ recommended practice, Fig. 1. 


Fic. 1. 


VI. INSPECTION AND REJECTION. 


10. (a) The inspector representing the purchaser shall 
have free entry at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the wheels ordered. 
The manufacturer shall afford the inspector, free of cost, all 
reasonable facilities to satisfy him that the wheels are being 
furnished in accordance with these specifications. Tests and 
inspection at the place of manufacture shall be made prior to 
shipment. 

(b) The purchaser may make the tests to govern the ac- 
ceptance or rejection of wheels in his own laboratory or else- 
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where. Such tests, however, shall be made at the expense of 
the purchaser. 

(c) All tests and inspection shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

11. (a) Unless otherwise specified, any rejection based on Rejection. 
tests made in accordance with Section 10 (b) shall be reported 
within ten working days from receipt of samples. 

(b) Wheels which show injurious defects while being finished 
by purchaser will be rejected, and the manufacturer shall be 
notified. 

12. Samples tested in accordance with Section 10 (6), Rehearing. 
which represent rejected wheels, shall be preserved for one 
month from the date of the test report. In case of dissatisfac- 
tion with the results of the tests, the manufacturer may make 
claim for a rehearing within that time. 

13. The manufacturer shall replace free of charge any Replacement. 
wheels that may fail by reason of defective material or work- 
manship. 


4 
an 
= 
ag ¥ 
h 
ie 


AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 
FOR 


BLOOMS, BILLETS AND SLABS FOR CARBON-STEEL 
FORGINGS. 


ApopTEeD AUGUST 25, 1913. 


Classes. 1. (a) These specifications cover five classes of billets, deter- 
mined by their carbon ranges as specified in Section 6. 


(b) The purposes for which these classes are frequently used 
are as follows: 


Class A, for welding and case hardening; 


Class B, for case hardening when subsequently heat-treated; 
Class C, for special purposes; 


Class D, for axles, shafts, connecting rods and similar forg- 


ings; 
Class E, for Class D forgings when they are to be heat- 
treated. 
Definition of 2. The term “billets” will be used in these specifications to 
Terme. designate blooms, billets and slabs. 
Basis of 3. (a) Billets shall be purchased as semi-finished rolled or 


forged material. In ordering, all dimensions shall be expressed 
in feet and inches. 


(b) Unless otherwise specified, the billets shall be made 
from ingots of at least four times the sectional area of the billet. 
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I. MANUFACTURE. 


4. The steel shall be made by the open-hearth process. Process. 
5. A sufficient discard shall be made from each ingot to Discard. 
secure freedom from injurious piping and undue segregation. 


II. CHEMICAL PROPERTIES AND TESTS. 
6. The steel shall conform to the following requirements Chemical 


Composition. 
as to chemical composition:! as 
| Cuass. 
Elements Considered. - 
| A B Cc D E 
Carbon, per cent. | 0.08-0.18  0.15-0.25 | 0.25-0.38 | 0.38-0.52 0.45-0.60 
Manganese, per cent......... 0.30-0.50 | 0.30-0.50 | 0.40-0.60 | 0.40-0.60 | 0.45-0.70 
Phosphorus, max., per cent... 0.045 0.045 | 0.045 0.045 | 0.045 


Sulphur, max., per cent....... | 0.05 0.05 | 0.05 0.05 | 0.05 


2See Section 8 (0). 


7. An analysis shall be made by the manufacturer from a test Ladle 
ingot taken during the pouring of each melt, a copy of which shall 4®“!75¢* 
be given to the purchaser or his representative. This analysis 
shall conform to the requirements specified in Section 6. 

8. (a) Analyses may be made by the purchaser from at Check 

least one billet representing each melt, which shall conform aeeeies 
to the requirements specified in Section 6. Drillings for analysis 
shall be taken from the billet with a 3-in. drill, parallel to the 
axis of the ingot as cast, at any point midway between the center 
and surface. 
- _ (6) In addition to the complete analysis specified in Par- 
agraph (a), a carbon determination may be made by the pur- 
chaser of drillings taken from the center of the billet with a 
8-in. drill, parallel to the axis of the ingot as cast, to determine 
by the variation in carbon the amount of segregation. 


III. WORKMANSHIP AND FINISH. 


9. The billets may be chipped to a depth not over 3 in., Chipping. 
unless otherwise specified. Chipping shall be done in such a 
manner as not to cause laps when the billets are properly forged. 


1 The chemical requirements as to manganese and phosphorus have purposely been made 
somewhat lower than those in the standard specifications for finished products for the protection 
of the purchaser of billets, so that with reasonable variations from segregation in the billets 
the finished product will meet the specified chemical requirements. 


ok a 
Vig 
nied 
et 
Wag 
i 
he: 
ye 
— 
\ 
4 
f 
4 
a 
. 


SPECIFICATIONS FOR Brooms, BILLETS AND SLABS. 


Finish. 


Marking. 


Inspection. 


Rejection. 


Rehearing. 


10. The billets shall be free from injurious defects and 
shall have a workmanlike finish. 


IV. MARKING. 


11. The melt number shall be legibly stamped on each bil- 
let 6 in. or over in thickness; and the top end of all “top cut” 
billets of such sizes shall be hot-stamped with the letter ““T” 
and such ends criss-crossed with green paint. The melt number 


shall be legibly stamped on billets of smaller section when speci- 
fied. 


V. INSPECTION AND REJECTION. 


12. (a) The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the billets ordered. 
The manufacturer shall afford the inspector, free of cost, all 
reasonable facilities to satisfy him that the billets are being 
furnished in accordance with these specifications. Tests and 
inspection at the place of manufacture shall be made prior to 
shipment. 

(b) The purchaser may make the tests to govern the accept- 
ance or rejection of billets in his own laboratory or elsewhere. 
Such tests, however, shall be made at the expense of the pur- 
chaser. 

(c) All tests and inspection shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

13. (a) Unless otherwise specified, any rejections based on 
tests made in accordance with Section 12 (d) shall be reported 
within five working days from the receipt of samples. 

(b) Billets which show injurious defects while being 
finished by the purchaser will be rejected, and the manufacturer 
shall be notified. 

14. Samples tested in accordance with Section 12 (0), 
which represent rejected billets, shall be preserved for two 
weeks from the date of the test report. In case of dissatisfaction 
with the results of the tests, the manufacturer may make claim 
for a rehearing within that time. 
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DISCUSSION ON ‘THE REPORT OF 
COMMITTEE A-1. 


DISCUSSION ON STEEL REINFORCEMENT BARS. 


Mr. A. L. Jounson (by letter).—Professor Hatt is to be Mr. Johnson. 


complimented on the very full manner in which he has gone 
into the subject of rail-steel concrete reinforcement bars, it 
being one which does not lend itself readily to scientific analysis. 
A careful perusal of the report, however, has not convinced the 
writer of the advisability of the use of rerolled material for 
concrete reinforcement, his position being somewhat influenced 
by the experience had by the Corrugated Bar Co. throughout 
a period of five years—from 1900 to 1905—during which time 
large quantities of such material were purchased from different 
rerolling mills. ; 

The writer’s attitude at that time, as engineer of the com- 
pany, was very similar to the position now taken by Professor 
Hatt, namely, that the same amount of ductility is not required 
in reinforced concrete as in steel structures, and the nature of 
such construction makes the integrity of the structure inde- 
pendent of an occasional defective bar. In those days, the 
contractors, not fully realizing the scientific nature of the con- 
struction, and the necessity for care in the execution thereof, 
were not fitted to handle work designed with a small factor of 
safety. Greater allowance was made by the designers at that 
time for defective concrete, and an occasional defective reinforc- 
ing bar could not materially affect the integrity of the structure. 

While it is still the custom to design structures with a 
liberal margin of safety, where they are to be erected by 
unknown parties, the bulk of the work of to-day is designed with 
a much smaller factor of safety than was customary a few years 
ago, the reason being that in all parts of the country there are 
now experienced contractors who realize that it is dangerous to 
“skin” cement on a reinforced concrete job. This leaves less 
latitude to-day than formerly for variation in quality of the 
reinforcement. To the writer it seems like a “throw back” to 
consider making a standard specification for a material which 
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was so persistently and extensively tried by his company through 
a period of five years, and then abandoned. 

Just the moment that we abandoned rerolled material for 
billet stock our troubles ceased, so far as the physical qualifica- 
tions of the reinforcement were concetned. We had practically 
no rejections on billet stock. To-day we have some trouble, 
but the rejections are small, as compared with what they would 
be according to Professor Hatt’s tests on rerolled material, 
which show 16 per cent for twisted and 5 per cent for other bars. 
Our rejections average about 0.5 per cent. 

It is unquestionably true that the quality of billet stock 
to-day is below that of a few years ago, the main reason, in the 
writer’s opinion, being the gradually increased roll speed, giving 
a much higher finishing temperature than was formerly the 
practice. There is no interior work done on the material to-day, 
and the required elastic limit has to be obtained by the addition 
of carbon. 

Although our rejections at the present time are only aver- 
aging about 0.5 per cent, as above stated, yet it is astonishing 
how annoying that is. It nearly always develops on the job, 
and generally when the work is at high pressure. The material 
has to be obtained immediately, and often at great expense, 
and the contractor frequently demands that the company 
supplying the bars shall indemnify him for so many days 
delay, at so much per day, in accordance with the forfeiture 
clause in his contract with the owner. 

_To suggest that we multiply our present troubles of this 
kind by ten is not to be thought of. Of course, if the contractor 
could make the bar company pay, in each case, all his extra 
cost, whether in money, time or worry, he would probably figure 
on using rerolled material on the next job, because he could 
unquestionably always make his original purchase for less money. 

These things will, of course, come to be understood event- 
ually, and eventually the consumer will pay. But if, as shown 
by Professor Hatt’s tests, rejection would be ten times as great 
with this material as with billet stock, then it seems evident 
to the writer that it is not a proper material to use for such 
purposes. 

It may be true that if the bars have to be bent, and a given 
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bar stands the bending, the chances are that it will perform its 
functions in the structure satisfactorily, although even this is 
open to question. But this is not the proper way to view the 
matter. In sending 3000 billet-stock reinforcing bars to a job, 
there will be on the average, at the present time, 30 bars rejected. 
It is possible that these 30 bars may be picked up locally; if 
not, they will have to be sent from the nearest stock. In the 
rerolled material, there would be 150 bars to replace. In the 
case of the billet bars, two panels of a floor could probably not 
be concreted. In the rerolled material, it might be half of a 
floor. 

I notice that the bars in Professor Hatt’s tests were bent 
on the twisting head of a torsion machine. As I understand the 
operation, it leaves the bar free at both ends to move longitu- 
dinally, which certain types of bar benders do not, resulting in an 
increased stress in the tension fiber, amounting to from 15,000 to 
20,000 Ib. per sq. in. over and above the natural fiber stress due 
to. bending. One of the hardest problems that has confronted 
the Corrugated Bar Co. has been the defective bending methods 
employed in the field, and we are about to issue a monograph on 
this subject. If Professor Hatt had used on this rerolled material 
some of the standard types of bending machines, he would 
probably have found several times the quantity of defective 
material. 

A reheating furnace with a length of 15 ft. is larger than 
the average. Assuming that the head of the rail weighs 15 lb. 
per ft., this gives a billet weight of 225 lb., and the recommenda- 
tion made in the proposed specifications, of one test for every 
10 tons, would mean about a hundred billets, which would 
represent a hundred different kinds of steel. One test for every 
10 tons of new billet stock is a test for every ingot, which is all 
supposed to be of the same grade of steel. Of course, we know 
there is considerable variation of material in the same ingot, 
but a hundred different billets may represent a hundred different 
ingots, made at a dozen different mills, and not necessarily made 
even in this country. 

One of these 225-lb. billets would make four reinforcing 
bars of average size and length, so that a 10-ton lot would 
represent about 400 pieces. When the contractor and the 
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engineer came to realize that any given reinforcing bar on the 
work had only one chance in 400 of being represented by the 
test that had been made from the 10-ton lot, he would be very 
likely to conclude that the test was not worth while, and it 
would undoubtedly become the custom to call for no tests at 
all on this class of material. This would leave it open to the 
better informed manufacturer—who knows. that some lots 
which he has purchased are poor—to run in large quantities of 
defective material, which may come together in the work, 
destroying the force of the argument relating to the distributing 
effect of the concrete. This is not a mere academic theory, but 
represents a part of our five years’ experience. 

It is often argued that while in the past rails were poorly 
made, and therefore one would be taking considerable chance in 
using reinforcement made of such material, yet in the course of 
time this argument was bound to become less and less effective 
as the higher grade rails began to reach the rerolling market. 
Specifications for rails have certainly become, year by year, more 
and more rigid, except as to one point, which the writer considers 
to be the key-note of the situation. The specifications have not 
dealt with the finishing temperature, which is higher to-day in 
all rolled products than ever before, and is, in the writer’s 
opinion, much higher than should be permitted, where quality 
in the output is required. 

I may cite in further support of my position that the 
improvement in rail quality is questionable, the paper on “ Rail 
Failures and Their Causes,” by Mr. M. H. Wickhorst, to be 
presented at this meeting of the Society,' in which he says: 


“ Asan example may be mentioned a lot of 2500 tons of 80-Ib. A. S.C. E. 
Bessemer rails, rolled in September, 1909, and placed into track in October, 
1909. Up to May, 1912, or, in a period of 2} years, there were 510 failures, 
classified by the trackmen as follows: [He then gives the classification]. 
This would be 2040 failures per 10,000 tons; or, figured on the basis of 30- 
ft. lengths, there would be one failure in each 13.7 rails in 2} years from 
the time the rails were put into service.” 


This does not, to my mind, indicate an improvement in 
quality of the modern output of this material. 
In conclusion, I wish to say that while I consider the paper 


1See pp. 582-593.—Eb. 
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an excellent one, and the tests well worth while, I think the Mr. Johnson. 
results, taken for their face value, are sufficient to condemn 

the consideration of the material as a reinforcement for concrete 

on any important work whatsoever, and strongly urge that the 

Society shall not, at present at any rate, adopt a standard 
specification for this class of reinforcement. 

Mr. A. E. Lrnpau (by letter)—The writer is particularly mr. Lindau. 
interested in the work done under Professor Hatt’s direction to 
determine the physical properties of rerolled rail steel reinforc- 
ing bars. 

For a period of several years it was the writer’s duty to 
examine the test reports of reinforcing bars shipped to all parts 
of the United States, and shipments were made from various 
mills including some from which rerolled steel was shipped 
exclusively. The principal points noted in the reports were 
the results of bending tests, elongation, and tension tests. 

When rejection was reported by the inspection bureaus 
or breakage in bending by customers, special attention was 
given the reports in order to discover, if possible, the relation 
between the properties noted on the test reports and the nature 
of the failure. It was found in general, that the tests on rerolled 
material gave little indication of the results that might be 
expected by handling the bars in the field. The principal 
difficulty that developed was breakage in cold-bending. In 
fact, it became generally acknowledged that rerolled bars were 
brittle, which opinion is indeed quite general at the present time. 
Without any prejudice on the part of the writer, or anyone 
connected with our company (the Corrugated Bar Co.), we were 
forced to conclude from our experience in handling rerolled bars 
in large and small quantities, in warm and cold weather, in fact, 
in all conditions, that the percentage of failure in bending under 
field conditions was much larger than in the new billet-stock 
bars of the same ultimate strength and elastic limit. It is of 
importance to note in this connection, that we naturally mini- 
mized the extent of the failures, and that instead of forming a 
prejudiced opinion, the tendency was entirely the contrary. 

The writer is keenly aware of the fact that he is offering 
some rather hap-hazard evidence in the discussion of the com- 
prehensive and carefully executed test program, but if the 
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“proof of the pudding is the eating,” the experience of the 
company with which the writer is connected, in making every- 
day use of rerolled material for several years under all conditions 
that are likely to occur, cannot lightly be set aside in the con- 
sideration of this material as a standard for reinforcing purposes. 

Mr. W. K. Harr (by letler)—Mr. Johnson’s discussion 
of the writer’s report raises questions that are apart from the 
content of the paper, the purpose of which is to submit the data 
upon which Committee A-1 based its action. An engineer who 
has to select a reinforcing bar for a given service must use his own 
judgment as to which kind of bar most nearly fulfils the service 
expected of it. 

The writer chose a bending machine which would preserve 
constant conditions for all the bars, certainly a necessary condi- 
tion; and a sliding bearing, and a sleeve over the pin, is of 
advantage. 


DISCUSSION ON STEEL SPLICE BARS. 


Mr. Norman Litcurietp.—The representatives of the 
American Electric Railway Engineering Association have been 
working in conference with your committee in the preparation 
of specifications for splice bars, and while they have no great 
objections to the use of four different specifications, they feel 
that these specifications as your committee has written them 
are not applicable to girder-rail work, in that the tolerances 
permit of too great a variation to enable us to get as accurate 
a joint fit as is essential in girder-rail work. We believe that 
the committee has erred in the tolerances permitted in Section 
12 of the proposed Standard Specifications for Medium-Carbon 
Steel Splice Bars, and in Section 11 of the proposed Standard 
Specifications for High-Carbon and for Extra-High-Carbon 
Steel Splice Bars, in that it is proposed to allow a vertical cam- 
ber of ;'s in. in 24 in. in these splice bars. There are a great 
number of purchasers and users of girder-rail splice bars, while 
there are only a few manufacturers, and at least one of these 
manufacturers willingly consents to a vertical camber of 35 in. 
Another states that in special cases he can comply with such 
a camber, but thinks the tolerance of ;'¢ in. vertical camber 
sufficient for a general specification. The specifications as 
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drawn up, therefore, apparently give greater weight to the Mr. Litchfield. 
opinion of one manufacturer than to the users. 

The representatives of the Association further feel that 
it should be specified that the variation from a straight line 
in a horizontal plane, if any, shall be such as shall make it con- 
vex towards the rail (that is, in contact with the rail first at the 
joint between rails), for the reason that this is the most essen- 
tial point in the joint where an accurate fit should be obtained, 
and where the joint first becomes defective. The initial wear 
always shows at this point first, and for the further reason that 
such a splice bar, fitting accurately at the joint between the 
rails, can be drawn in with less difficulty to fit the rail for the 
entire length of the splice bar, by the application of power in 
tightening up the end bolts. 

I might add that the specifications which the committee 
of the American Electric Railway Engineering Association has 
been working on this winter, will probably be modified so as 
to bring some of the other points more nearly in line with the 
specifications before this meeting, and will be presented to the 
convention of the Association in October. 

For the foregoing reasons, we believe that the specifications 
are not applicable in their present form to girder rails, and we 
therefore recommend the changes above outlined. If these do not 
meet with your approval, we wish to vote against their adoption. 

Mr. E. F. Kenney (Chairman, Sub-Committee on Sphlice mr. Kenney. 
Bars).—In regard to the points raised by the gentleman who 
has just spoken: they were both considered at considerable 
length at a number of different committee meetings, and the 
consensus of opinion seemed to be that while there are a certain 
number of customers who require the very great nicety spoken 
of by Mr. Litchfield, the majority do not require anything of 
the sort, even in girder-rail work. The two manufacturers on 
the committee stated that a few customers required it, but the 
majority did not. 

As to the convexity of the splice bar to the rail in the 
horizontal plane, I sent out letters to a number of the-engineers 
of maintenance of way on the different railroads, asking them 
whether they preferred convexity toward the rail or concavity, 
or whether they would prefer to aim at straightness; and in 
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almost all the replies they stated that they preferred a straight 
bar, and that what variation was necessary to meet practical 
requirements they preferred to have in one direction or the other 
rather than to aim at a crooked bar. 


DISCUSSION ON STEEL WHEELS. 


Mr. A. A. STEVENSON (Chairman, Sub-Committee on W heels). 
—I desire to quote the following paragraph from the report of 
the committee: 

“Certain proposed revisions in the present Standard Specifications for 
Wrought Steel Wheels for Passenger and Freight Service have received 
careful attention at the hands of the sub-committee, but it was eventually 
decided to recommend no changes in these specifications at this meeting.” 


The reason such action was taken by Sub-Committee VII 
of Committee A-1 was on account of the fact that the sub-com- 
mittee had been working in conjunction with the Committee 
of the Master Car Builders’ Association, and there have been 
several joint meetings. The sub-committee did not feel like 
taking up the consideration of any changes until final action 
of the Master Car Builders. Further, the sub-committee has 
done nothing in regard to standards for sizes and shapes. While 
this question was up at joint meeting with the Master Car 
Builders’ Committee, it was decided best not to take action 
until the Master Car Builders’ Association had done so. These 
matters will be given consideration during the coming year. 

Mr. LitcuFrieELD.—I move that the proposed Standard 
Specifications for Wrought Solid Carbon-Steel Wheels for Electric 
Railway Service be referred back to the committee, inasmuch 
as they apply only to wheels for electric railway service, and 
as the American Electric Railway Engineering Association, 
representing the users of these wheels, is not ready to adopt 
any specification whatsoever. At the last convention of the 
American Electric Railway Engineering Association a speci- 
fication was presented by its Committee‘on Equipment, but was 
not adopted by the Association as it was felt that further investi- 
gation was needed, and that it would be well for its committee 
to continue the study of this subject for another year and to 
hold further conferences with your Society. The American 
Electric Railway Engineering Association is an association com- 
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posed of railway companies which look to their engineering 
representatives to advise them in regard to specifications for 
materials, and consequently, if your Society adopts a specifica- 
tion drawn up by a committee on which our Association has 
representation, the natural inference would be that we in some 
measure approve of the specification. We see no reason for 
the immediate adoption of a specification such as you have 
drawn up, and therefore request that you hold the matter open 
for another year. 

Mr. STEVENSON.—As chairman of the sub-committee con- 
cerned I am opposed to this action. We have held three meet- 
ings of Committee A-1 during the last six months. The American 
Electric Railway Engineering Association is a member of Sub- 
Committee VII on Wheels. As far as I know, there were no 
objections made to these specifications at any of the three meet- 
ings of Committee A-1. 

Mr. Litchfield has referred to experiments that are being 
made by his Association. Experiments similar to these are 
being carried on by members of this Society who are among the 
largest users of rolled wheels in steam railway service. There 
are a number of consumers on the Sub-Committee on Wheels, 
and I should like to hear from them as to how they feel in regard 
to the motion. 

Mr. LitcHFrieELp.—I am not at present prepared to speak as 
to the attendance of our members at committee meetings, but 
I shall be glad to look up the matter and talk it over with your 
Secretary. I am personally of the opinion, however, that the 
joint work between the two associations is of considerable value, 
and that, regardless of any remissness on the part of our 
representatives, they nevertheless represent the users of these 
steel wheels and consequently their wishes should carry some 
weight. Without regard to the correctness of their ideas, it 
would seem that as our Association did not adopt any specifica- 
tion, desiring to investigate the matter further, your Society 
should be willing not to take any further action until our Asso- 
ciation is ready. I again ask that you hold up this specification 
for another year. 

Mr. H. P. TreMANN.—There is one statement of Mr. Litch- 
field’s, in regard to the specification having been held up for 
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another year, which I think might bear a little comment. The 
action in Chicago, as I understand it, was to adopt this specifica- 
tion as a ‘working specification” with the idea of trying it out. 
In accordance with this action the specification has been published 
in the Year-Book of the American Electric Railway Engineering 
Association. It seems to us that certain requirements of the 
electric railway specifications which differ from those in our 
proposed specification are not at the present time deemed 
essential by the large users of steel wheels for electric service, 
for the reason that they have not asked for these features, and 
as a matter of fact, inquiries for wheels to this specification 
have been very rare. 

THE SECRETARY.—I should like to call attention to a point 
that has been brought out frequently, in cases of this kind. 
If these specifications should be held up for another year, what 
will be the effect? Wheels will have to be bought during that 
time, and someone will have to make specifications governing 
their purchase. What reason is there for assuming that specifica- 
tions under which wheels will be bought during the ensuing 
year are apt to be better or as good as these, which represent 
the joint action of men representing large consumers and large 
manufacturers? These specifications, as all other specifications 
of the Society, should be regarded as in a state of flux. Rolled 
wheels are a comparatively new product and the committee is 
looking forward very definitely, [ believe, to making changes in 
these specifications as experience may direct. But why should 
not this Society put itself on record with such a specification at the 
present time, as being believed to be the best that can be drawn 
in the light of existing knowledge? Until the results of investiga- 
tions now pending become available, their indications cannot 
be foreseen. Why should we fail to act in the meantime, espe- 
cially since there is no obligation on the part of anyone to use 
these specifications. Any consumer who doesn’t care to use 
them need not use them. The specifications tell their own 
story; their origin is fully known. 

I, therefore, move you that the specifications be referred to 
the Society for letter ballot and that the objections voiced by the 
representative of the American Electric Railway Engineering 
Association be referred to Committee A-1 for consideration 
during the ensuing year. [Motion seconded.| 
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Mr. J. O. LeEcu.—I should like to ask the Secretary what 
the objections to these specifications are. I have heard no 
definite objections. 

Mr. C. D. Younc.—I believe that the committee under- 
stands what the objections of the street-railway people to these 
specifications are, but I should like to point out as a member of 
this committee, that this is a very difficult subject at the present 
time because steel wheels are in the course of development and 
if manufacturers are to have a uniform specification for their 
products a start must be made in the way of specifications. 
The vital points which street-railway people want are under 
consideration not only for steel wheels for electric railway ser- 
vice but for railroad service as well. Those items in a specifica- 
tion that are desirable for wheels for electric service are equally 
desirable for steam service. There is a sub-committee on rolled 
steel wheels now working on these various requirements and 
making progress in their investigations. Both classes of con- 
sumer also desire certain physical tests and closer tolerances 
than are given in the proposed specification, which subjects 
are also under investigation. It seems to me it would be a mis- 
take to introduce into specifications things that we do not know 
will work themselves out satisfactorily in the end, but that we 
should rather go slow and change from year to year as we gain 
experience. I feel that we are not throwing over the electric- 
railway people any more than we are the steam-railway people 
in adopting a specification that has perhaps too wide tolerances. 
I think we should take this specification as it exists, and see what 
changes we shall have to make from year to year. I think it 
would be a mistake to postpone having in our Year-Book some 
specification for this product. 

[The motion to refer the proposed Standard Specifications 
for Wrought Solid Carbon-Steel Wheels for Electric Railway 
Service to letter ballot of the Society was then put to vote, and 
carried.] 


DISCUSSION. ON STEEL FORGING BLOoMs. 


Mr. G. H. WooprorFre.—The Baldwin Locomotive Works 
are large users of blooms and forgings, and it does not seem to 
us that this specification gives us a test, or means of indicating 


Mr. Leech. 


Mr. Young. 


Mr. Woodroffe. 


# 
ax 
‘ 
ath 
ba 
al 


Mr. Woodroffe. 


Mr. Young. 


180 DISCUSSION ON REPORT OF COMMITTEE A-1. 


the physical soundness of blooms. I would accordingly move 
that the specification be referred back to the committee for 
further consideration. 

Mr. Younc (Chairman, Sub-Committee on Blooms).—As I 
understand it, there are no definite objections to the specifica- 
tions as presented except that it has been stated, I believe, 
that they do not go far enough in fully protecting the consumer, 
in that a more rigid inspection for segregation and a tension 
test are essential. The sub-committee that prepared these 
specifications has met about twelve times during the past year, 
and has seriously considered both of these questions. The 
sub-committee is unanimous in the view that a tension test 
specimen taken out of the bloom for forging does not represent 
the condition that the material will be in the finished product, 
and that therefore the tension-test requirement of our forging 
specifications will adequately protect the consumer. So far as 
the segregation is concerned, there is a clause in this specification 
which simply determines if there is any segregation present. This 
is as far as the sub-committee felt they could go at this time in 
presenting a specification to the Society. We have a sub-com- 
mittee working upon this question, of which Mr. Onderdonk is 
chairman, with a view of offering to the Society, either next -year 
or at some subsequent time, a more definite requirement for 
segregation. Each consumer has a different view as to how 
that segregation shall be determined. It does not seem that 
there is any uniformity in present practice and the sub-com- 
mittee felt that it would be unwise at this time to select any one 
of those requirements and introduce it into a standard specifica- 
tion. The specification is offered merely to standardize the 
requirements as to chemistry and to eliminate a large number 
of variations in the specifications for blooms which now exist. 

We feel that in offering these specifications at this time, 
there will be a basis for future work of the committee. The 
committee does not in any sense feel that its work has been 
completed. Its position is similar to that of the Sub-Committee 
on Rolled Steel Wheels. If the Society thinks that they should 
have complete specifications for blooms for forgings, I do not 
believe that requirement has been met. If, on the other hand, 
they desire something that will be a start in standardizing the 
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blooms which are being rolled, the committee feels that this is, Mr. Young. 
at least, a workable specification. 

Mr. R. S. MAcPHERRAN.—I do not think the specifications Mr.MacPherran. 
should be adopted in an incomplete form with the idea of improv- 
ing them later. I do not think we should adopt them until they 
are right, and will work out right. I also object to the wide 
range of carbon and manganese allowed in these proposed speci- 
fications. The range of 15 points in carbon and 25 points in 
manganese is too great. It would be difficult to meet specifica- 
tions for forgings if material so uneven could be furnished to fill 
one and the same requirement. 

Mr. Rosert Jos.—It is a well-known fact to-day that a Mr. Job. 

great many of the failures which occur in forgings are due to 
the porosity of the metal, as has been shown, and also to the 
fact of pitting. The specifications which we have before us do 
not seem to give any method by which a considerable propor- 
tion of such defects can be detected in ordinary mill inspection. 
On that account it seems to me that it would be far better, as 
has been moved, to refer the entire question back to the com- 
mittee with the recommendation that this matter be considered, 
and that some method be given in the specifications by which 
one will be enabled to detect this condition, which at the present 
time produces a great many failures in service and also causes 
a great deal of loss to the different consumers after the billets 
have been received apparently in good condition. 

Mr. C. F. W. Rys.—I might say that if these specifications Mr. Rys. 
are thrown back upon the committee, forging steel will be bought 
as it has been up to date, simply to chemical specifications and 
weights. Now nobody has bought any forging blooms to these 
specifications yet, and I think it is worth while to have them 
tried out, so as to find out whether the user will get better 
forging billets than he has for the last ten years, when he simply 
bought by chemistry and weight. 

Mr. Leecu.—In regard to the wide range in carbon and Mr. Leech. 
manganese, I would call attention to the fact that there is pro- 
vision in the specification for check analysis from the finished 
bloom on samples to be taken at a point half-way between the 
center and outside. The ranges specified were. made in con- 
sideration of such check, which also guards against undue 
segregation. 
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Mr. W. R. WEBSTER (Chairman, Committee A-1).—Whether 
these specifications are referred back to the committee or not, 
I think they should appear in the Proceedings in their present 
form. The committee does not regard these specifications as 
finished by any means. It might be wise, as suggested, to put 
them in force to see what the result will be. On the other 
hand, I do not think the committee would seriously object to 
having them published without being adopted, so that people 
who might want to use them can do so. We can not expect 
to get perfect specifications at the start, and I do not think 
that these specifications cover all classes of blooms and billets 
that are required. 


[The motion to refer the specifications back to the com- 
mittee was then voted on and lost, and a motion to submit 
the specifications to letter ballot was adopted.] 
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REPORT OF COMMITTEE A-2 
ON 
STANDARD SPECIFICATIONS FOR WROUGHT IRON. 


During the past year Committee A-2 has held meetings at 
Pittsburgh and Philadelphia for the purpose of considering 
modifications of any features of the existing specifications for 
wrought iron that seemed to warrant such action, and for the 
purpose of formulating a specification covering wrought-iron 
plates. The committee accordingly recommends for adoption 
by the Society the following changes in the present Standard 
Specifications for Engine-Bolt Iron, and for Refined Wrought- 
Iron Bars: 


STANDARD SPECIFICATIONS FOR ENGINE-Bott [Ron. 
1. Change Section 4 (a) to read as follows: 
“4. For material over 1} sq. in. in section, a deduc- 


tion of 2000 Ib. per sq. in. from the tensile strength speci- 
fied in Section 3 shall be made.” 


2. Omit Section 4 (0), as it will now be superfluous. 


STANDARD SPECIFICATIONS FOR REFINED WROUGHT-IRON Bars. 

Change Section 6 (a) to read as follows: 

“6. (a) Cold-Bend Tests.—Cold-bend tests will be made 
only on bars having a nominal area of 4 sq. in. or under, 
in which case the test specimen shall bend cold through 
180 deg. without fracture on the outside of the bent portion, 
around a pin the diameter of which is equal to twice the 
diameter or thickness of the specimen.” 

The committee further recommends for adoption by the 
Society proposed new Standard Specifications for Wrought-Iron 
Plates, appended to this report. 

During the past year the Sub-Committee on Staybolt Iron 
held several meetings to consider modifications and additions 
to the present Standard Specifications for Staybolt Iron, giving 
particular consideration to the re-insertion of the vibratory test 
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requirements, and also to the question of a modification in the 
requirements for tensile strength and elongation. At a well- 
attended meeting held in Philadelphia on March 14, 1913, it 
was unanimously agreed that, inasmuch as it was understood 
that a vibratory test requirement would be re-inserted in the 
specification as soon as the committee could conduct a series of 
tests on existing vibratory machines and those in the course of 
erection to determine upon the vibratory requirements, it would 
be best not to consider any change in the tensile and elongation 
requirements of the specification until the vibratory requirements 
had been agreed upon, and the influence of the tensile strength 
and elongation upon such results had been carefully considered. 

The committee, therefore, outlined an exhaustive series 
of tension and vibratory tests to establish such figures, but 
owing to delays in the completion of the vibratory machines in 
course of erection, the committee has been unable to make the 
tests outlined in time for consideration at this meeting. The 
committee, therefore, recommends that the present Standard 
Specifications for Staybolt Iron shall be continued in force for 
the ensuing year. 

During the past year, at the request of one of the prominent 
railroads, a Sub-Committee on Chain Iron and Iron Chain was 
appointed under the chairmanship of Mr. E. B. Tilt. The sub- 
committee, however, was appointed too late to do any work 
this year, but will give matters pertaining to its field early 
consideration next year, with a view of offering a specifica- 
tion for consideration at the next annual meeting. 


Respectfully submitted on behalf of the committee, 


J. B. Youne S. V. HUNNINGS, 
Secretary. Chairman. 


[Nore.—The proposed amendments to the Standard Specifi- 
cations for Engine-Bolt Iron and for Refined Wrought-Iron Bars 
were adopted by letter ballot of the Society on August 25, 1913, 
and the specifications as amended appear in the Year-Book 
for 1913. ‘The proposed Standard Specifications for Wrought- 
Iron Plates were adopted August 25, 1913, and follow this 
report.—Eb.] 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 
FOR 
WROUGHT-IRON PLATES. 


AporTep AuGusT 25, 1913. 


1. These specifications cover two classes of wrought-iron Classes. 
plates, namely: 
Class A, as defined in Section 2 (0); 
Class B, as defined in Section 2 (c). 


I. MANUFACTURE, 


2. (a) All plates shall be rolled from piles entirely free from Process. 
any admixture of steel. 

(b) Piles for Class A plates shall be made from puddle bars 
made wholly from pig iron and such scrap as emanates from 
rolling the plates. 

(c) Piles for Class B plates shall be made from puddle bars 
made wholly from pig iron or from a mixture of pig iron and cast- 
iron scrap, together with wrought-iron scrap. 


II. PHYSICAL PROPERTIES AND TESTS. 


3. The plates shall conform to the following minimum Tension Tests. 


requirements as to tensile properties: 
(185) 


[ites 
x 
{ 
| 
| 
if, 
£ 
| 
4 


Modifications in 
Elongation. 


Bend Tests. 
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Number of 
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Finish. 
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| Cuass A. | 


Cuass B. 
Properties Considered \6in. to 24in.,) Over 24 in. |6in. to 24in.,) Over 24 in. 
incl., to 90 in.,inel., incel., to90in.,inel., 
| in width. in width. in width. in width, 

Tensile strength, Ibs. per sq.in....| 49 000 48000 | 48000 | 47000 
Elastic limit, lb. per sq. in........ 26 000 26 000 | 26000 | 26 000 
Elongation in 8 in., per cent...... 16 12 | 14 10 


4. For plates under 7% in. in thickness, a deduction of 1 
from the percentages of elongation specified in Section 3 shall be 
made for each decrease of 7g in. in thickness below ;% in. 

5. (a) Cold-bend Tests —The test specimen shall bend cold 
through 90 deg. without fracture on the outside of the bent por- 
tion, as follows: For Class A plates, around a pin the diameter 
of which is equal to 1} times the thickness of the specimen; 
and for Class B plates, around a pin the diameter of which is 
equal to 3 times the thickness of the specimen. 

(b) Nick-bend Tests—The test specimen, when nicked on 
one side and broken, shall show for Class A plates a wholly 
fibrous fracture, and for Class B plates, not more than 10 per 
cent of the fractured surface to be crystalline. 

6. Tension and bend test specimens shall be taken from 
the finished plates and shall be of the full thickness of plates 
as rolled. The longitudinal axis of the specimen shall be 
parallel to the direction in which the plates are rolled. 

7. (a) One tension, one cold-bend and one nick-bend test 
shall be made for each variation in thickness of $ in. and not less 
than one test for every ten plates as rolled. 

(b) If any test specimen fails to conform to the require- 
ments specified through an apparent local defect, a retest shall 
be taken; and should the retest fail, the plates represented by 
such test shall be rejected. 


III. FINISH. 


8. The plates shall be straight, smooth and free from cin- 


der spots and holes, and free from injurious flaws, buckles, blis- 
ters, seams and laminations, 
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IV. INSPECTION AND REJECTION. 


9. (a) The inspector representing the purchaser shali have Inspection. 
free entry at all times while work on the contract of the pur 
chaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the plates ordered. 
The manufacturer shall afford the inspector, free of cost, all 
reasonable facilities to satisfy him that the plates are being 
furnished in accordance with these specifications. Tests and 
inspection at the place of manufacture shall be made prior to 
shipment. 

(b) The purchaser may make the tests to govern the accep- 
tance or rejection of plates at his own laboratory or else- 
where. Such tests, however, shall be made at the expense of the 
purchaser. 
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REPORT OF COMMITTEE A-4 
ON 
HEAT TREATMENT OF IRON AND. STEEL. 


Committee A-4 recommends to the Society for adoption 
the following proposed ‘Recommended Practice for the Heat 
Treatment of Case-Hardened Carbon-Steel Objects”: 


PROPOSED RECOMMENDED PRACTICE FOR THE HEAT TREATMENT 
OF CASE-HARDENED CARBON-STEEL OBJECTS. 


It is recommended that the following treatments be 
applied to case-hardened steel objects according to require- 
ments: 

1. When hardness of case only is desired and lack of tough- 
ness or even brittleness unimportant, the carburized articles may 
be quenched from the carburizing temperature, as for instance, 
by emptying the contents of the boxes in cold water or in oil. 
Both the core and the case are then coarsely crystalline. 

2. In order to reduce the hardening stresses and to decrease 
the danger of distortion and cracking in the quenching bath, 
the articles may be removed from the box and allowed to cool 
before quenching to a temperature slightly exceeding the critical 
range of the case, namely, 800° to 825° C. Both the core and 
case remain coarsely crystalline. 

3. To refine the case and increase its toughness the car- 
burized articles should be allowed to cool slowly in the carburiz- 
ing box within the furnace or outside to 650° C. or below, and 
should then be reheated to a temperature slightly exceeding the 
lower critical point of the case (in the majority of instances a 
temperature varying in accordance with the carbon content and 
thickness of the case between 775° and 825° C. will be suitable), 
and quenched in water, or, for greater toughness but less hard- 
ness, in oil. ‘The objects should be removed from the quenching 
bath before their temperature has fallen below 100° C. This 
treatment is more especially to be recommended when the car- 
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burizing temperature has not exceeded 900° C. It refines the 
case but not the core. 

4. To refine both the core and the case and to increase 
their toughness the articles should be allowed to cool slowly 
from the carburizing temperature to 650° C. or below and 
should then be (a) reheated to a temperature exceeding the 
critical point of the core which will generally be some 900° to 
950° C. followed by quenching in water or in oil; and (0) before 
they have cooled below 100° C.! they should be reheated to a 
temperature slightly exceeding the lower critical point of the 
case (in the majority of instances a temperature varying in 
accordance with the carbon content and thickness of the case 
between 775° and 825° C. will be suitable), and again quenched 
in water or oil. 

5. In order to reduce the hardening stresses created by 
quenching, the objects, as a final treatment, may be tempered 
by reheating them to a temperature not exceeding 200° C. 


Respectfully submitted on behalf of the committee, 


ALBERT SAUVEUR, 
J. H. Chairman. 
Secretary. 


[NotE.—The proposed ‘‘ Recommended Practice for the 
Heat Treatment of Case-Hardened Carbon-Steel Objects” 
was sent to the Secretary too late for compliance with the 
regulations requiring that proposed standard specifications “‘ must 
be mailed by the Secretary to every member of the Society not 
less than four weeks before the annual meeting.” Therefore 
it was not submitted to letter ballot of the Society.—Eb.] 


1 The objects should be removed from the quenching bath before they have cooled below 
100° C. in order to lessen the danger of cracking, and they should be placed in the reheating 
furnace while still at a temperature of at least 100° C. likewise to lessen the danger of crack- 
ing, it being inadvisable (a) to allow steel to cool completely in the quenching bath and (6) 
to place hardened steel in a hot furnace. Obviously, if the furnace is cold the hardened steel 
may likewise be cold when placed in it for reheating. 
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REPORT OF COMMITTEE A-8 


ON 


STANDARD SPECIFICATIONS FOR COLD-DRAWN 
STEEL. 


The committee has held a number of meetings and has 
carried out extensive tests on materials manufactured for use in 
automatic screw machines. Up to this time the committee 
has not attempted to draft specifications for any material other 
than that which it would designate as automatic screw stock. 
Two specifications are submitted herewith, entitled, ‘Tenta- 
tive Specifications for Cold-Drawn Steel: Bessemer Automatic 
Screw Stock,” and ‘‘Tentative Specifications for Cold-Drawn 
Steel: Open-hearth Automatic Screw Stock.” 

The committee recommends that these specifications be 
published in the Proceedings as trial specifications, with a view 
of giving the material called for a very thorough trial in as many 
services as possible. It should be understood that the material 
is intended primarily for use in automatic screw machines where 
very high cutting speeds are desirable; and since it shows a rela- 
tively small ductility on physical test, it is not suited for service 
where a ductile material is required. 

The committee requests that parties purchasing material 
in accordance with these specifications keep a record of the 
results which they obtain, with a view of furnishing data to the 
committee so that eventually the specifications may either be 
modified as may be found necessary, or adopted as standard 
if found satisfactory. | 


Respectfully submitted on behalf of the committee, 


C. E. SKINNER, 
Chairman. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


TENTATIVE SPECIFICATIONS 
FOR 
COLD-DRAWN STEEL. 


BESSEMER AUTOMATIC SCREW STOCK. 


1. The material desired under these specifications is a free- Material 
cutting steel of any specified section suitable for high-speed ~°"°" 
screw machine work, leaving a smooth finish after machining. 


I, MANUFACTURE. 


2. The steel shall be made by the Bessemer process, and Process. 
shall be cold-rolled or cold-drawn or turned to size. 


II. CHEMICAL PROPERTIES AND TESTS. 
3. The steel shall conform to the following requirements as Chemical 


Cc ition. 
to chemical composition: 
0.60 ~0.80 “ 
0.09 -0.13 “ 
0.075-0.15 


4, Samples for analysis shall be taken by machining off the Test Samples, 
entire cross-section of the bar, or by drilling parallel to the axis 
(191) 
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of the bar at any point midway between the center and surface 
with a drill not under 3 nor over ? in. in diameter. Samples 
shall be clean, free from oil, uniformly fine and well mixed. 


Ill. DIMENSIONS. 


5. The variation from the specified diameter, or distance 
between parallel faces, and the allowable eccentricity shall not 
exceed the following limits: 


PERMISSIBLE VARIATIONS. 


Diameter. Over-size. Under-size. |  Eecentricity. 
Up to and including 0.3 in...... 0 1% of diameter 0.5% of‘diameter 
Over 0.3 in. to and including 1 in. 0 0.003 in. 0.0015 in. 
Over 1 in. toand including 23 in. 0 0.004 * 0.0020 ** 
| 0 0.005 0.0025 “ 
IV. FINISH. 


6. The material shall be free from injurious defects and shall 
have a bright smooth surface. 


V. INSPECTION AND REJECTION. 


7. The manufacturer shall afford the inspector representing 
the purchaser, free of cost, all reasonable facilities to satisfy 
him that the material is being furnished in accordance with these 
specifications. 

8. Material which fails to conform to the above specifications 
will be rejected, and the manufacturer shall be notified. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


TENTATIVE SPECIFICATIONS 
FOR 
COLD-DRAWN STEEL. 


OPEN-HEARTH AUTOMATIC SCREW STOCK. 


1. The material desired under these specifications is a free- Material 
cutting steel of any specified section suitable for high-speed ?**"** 
screw machine work, leaving a smooth finish after machining. 


I. MANUFACTURE. 


2. The steel shall be made by the open-hearth process, and Process. 
shall be cold-rolled or cold-drawn or turned to size. 


II. CHEMICAL PROPERTIES AND TESTS. 
3. The steel shall conform to the following requirements as Chemical 


Cc ition. 
to chemical composition: — 
0.15 — 25.0 per cent 
0.075-0.12 


4. Samples for analysis shall be taken by machining off the Test Samples. 
entire cross section of the bar, or by drilling parallel to the axis 
(193) 
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of the bar at any point midway between the center and surface 
with a drill not under } nor over ? in. in diameter. Samples 
shall be clean, free from oil, uniformly fine and well mixed. 


III. DIMENSIONS. 


5. The variation from the specified diameter, or distance 
between parallel faces, and the allowable eccentricity shall not 
exceed the following limits: 


PERMISSIBLE VARIATIONS. 


Diameter. Over-size. Under-size. Eccentricity. 
Up to and including 0.3 in........ | 0 | 1% of diameter | 0.5% of diameter 
Over 0.3 in. to and including 1 in... 0 0.003 in. 0.0015 in. 
Over 1 in. to and including 22 in... 0 0.004 ** 0.0020 ** 
| 
0 0.005 0.0025 


IV. FINISH. 


6. The material shall be free from injurious defects and shall 
have a bright smooth surface. 


V. INSPECTION AND REJECTION. 


7. The manufacturer shall afford the inspector representing 
the purchaser, free of cost, all reasonable facilities to satisfy him 
that the material is being furnished in accordance with these 
specifications. 

8. Material which fails to conform to the above specifica- 
tions will be rejected, and the manufacturer shall be notified. 
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DISCUSSION 


Mr. C. D. Younc.—It may be of interest to some of the Mr. Young. 


users of this material to know of the experience the Pennsyl- 
vania Railroad Co. has had with it. We were using Bessemer 
stock in automatic machines and found it very popular with the 
operators. It cuts a beautiful thread, with a very clean finish 
and therefore makes a very desirable material for automatic 
machines. But if the parts were subjected to shock or stress, we 
found that in a very short time they would crack, due, probably, 
to the high phosphorus in the steel. We then resorted to open- 
hearth stock, which is represented by the second specification, 
and which, in chemical terms, seems very good to me, and 
found it was very unpopular with the tool operators. It was 
very difficult to keep the dies and cutters sharp so as to operate 
the machines to their highest efficiency, but by insistence on the 
proper care of the tools, we were able to work this stock. So 
far as my knowledge goes at this time, we have had no trouble 
whatsoever with the material in service. I would caution every- 
body against using Bessemer stock where it is subject to shock 
of any kind, and, generally speaking, the threaded portions will 
be subjected to that sort of service. 

Mr. S. S. VoornEES.—I should like to ask Mr. Capp why 
phosphorus and sulphur in both these types of steel are given 
minimum values in these specifications. 

Mr. J. A. Capp.—It has been the experience of makers of 
this type of steel, and the users of it in large quantities, that the 
unusually high sulphur content materially adds to its machining 
qualities, giving what might be called a brittle chip. 

In respect to what Mr. Young has said, it might be well to 
add that the committee has not offered these specifications with 
recommendations to use this sort of steel for any other purpose 
than for its free machining qualities. We have purposely 
avoided saying anything about the physical characteristics of the 
steel, but it is obvious that the Bessemer steel will probably 
be relatively brittle as compared with the open-hearth steel. 
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REPORT OF COMMITTEE A-10 
ON 
HARDNESS TESTS. 


Under the inspiration of several papers upon hardness tests 
presented before the Society in recent years, a resolution was 
passed at the annual meeting in 1911 directing the Executive 
Committee to consider the advisability of creating a committee 
upon the subject. After considering the matter the Executive 
Committee in the fall of that year decided to establish such 
a committee and designated a provisional membership. 

The first meeting of this provisional membership was held 
in New York during the Congress of The International Associa- 
tion for Testing Materials, in September, 1912, and a partial 
organization was effected by the election of a chairman. 

It was decided that the committee should apply itself to 
classifying and defining the different kinds of hardness, such as: 
penetration hardness (Brinell), cutting hardness, elastic hard- 
ness (Shore), mineralogical hardness, file hardness, hardness 
against wear, Keep’s hardness, Jaggar’s hardness, etc. 

It was also decided that in preparation for the more serious 
work of the committee, some effort be made toward the system- 
atic collection and classification of data and the preparation 
of a bibliography of the subject of hardness measurements. 

On account of the secondary nature of the subject and the 
distribution of the membership, it has thus far been impossible 
to obtain since last fall a satisfactory meeting of the committee. 

The major part of the work must of necessity be conducted 
by correspondence, at best a very slow process. Notwith- 
standing this condition it is hoped and believed that during 
the next year sufficient can be accomplished to enable the 
committee to present at the next annual meeting of the Society 
some material of real value. 

The membership as at present constituted consists of 
technical men engaged very largely in consulting and advisory 
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work. Numerous attempts have been made to secure the 
assistance upon the committee of members representing the 
consuming interests in which such measurements find actual 
application. It is hoped that during the next year at least two 
such members can be added to advise the committee upon the 
questions of application and use. 


Respectfully submitted on behalf of the committee, 


D. E. Douty, 
Chairman. 
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REPORT OF COMMITTEE B-1 
ON 
STANDARD SPECIFICATIONS FOR COPPER WIRE. 


Since making its last report, no new work has been under- 
taken by Committee B-1, and substantially the only modifica 
tions of the specifications already adopted as standard are those 
made necessary by reason of the proposed international agree- 
ment on a standard for the conductivity of copper. 

It will be recalled that at the last annual meeting the Ameri- 
can Institute of Electrical Engineers, and the International 
Electro-Technical Commission, recommended that Committee 
B-1 adopt as the base of their specifications for copper wire, the 
standard of conductivity which is recommended by the Inter- 
national Electro-Technical Commission, and which will come up 
for adoption at the meeting of that commission in September, 
1913. The value of the proposed international standard is 
approximately one-sixth of one per cent lower than the value 
which has been commonly accepted in the United States during 
the past several years. 

At the annual meeting in 1912, aftet conference between the 
representative of the American Institute of Electrical Engineers 
and the International Electro-Technical Commission, and mem- 
bers of Committees B-1 and B-2, it was agreed that the proposed 
action with respect to the international standard for conductivity 
be postponed until such standard had actually been agreed upon 
internationally, and it has been the suggestion of Committee B-1 
that there be set by agreement some fixed date upon which the 
change from the present accepted standard for conductivity 
to the new international standard is to become effective. For 
instance, January 1, 1914, is suggested. 

Committee B-1 has at very considerable length discussed 
the matter of specifications for resistivity or conductivity of 
copper wire, and the conclusion reached is a reaffirmation of the , 
opinion expressed by the committee in its first report! in 1909. 


1 Proceedings, Am. Soc. Test. Mats., Vol. IX, p. 309 (1909). 
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to the effect that it is preferable to express the requirements 
included in specifications in terms of directly measurable quanti- 
ties, rather than by reference to some other quantity whose 
standard value is fixed only by agreement. There is really no 
more reason for the use of the arbitrary term ‘‘conductivity” 
to express electrical resistance than there is for the employment 
of arbitrary gage numbers to express dimensions. ‘The com- 
mittee, therefore, has unanimously voted to recommend that 
all reference to conductivity be removed from the specifications, 
and that the requirements instead be stated solely as the maxi- 
mum rejection limits to the resistivity. This action, in the 
opinion of the committee, is the more necessary because the 
committee has felt it both unnecessary and undesirable to lower 
the present standard of quality of copper wire, and if we were to 
base the specifications on the proposed international standard 
for conductivity, it would require either that the standard be 
lowered, or that the rejection limit be set at an awkward figure; 
for instance, 98.17 per cent for soft annealed wire. 

Recognizing the great desirability and importance of having 
the same standard adopted by all the technical bodies, Com- 
mittee B-1 has also unanimously agreed to recommend changing 
the specific gravity specified as standard in the copper wire 
specifications to the value which has been adopted by the Ameri- 
can Institute of Electrical Engineers, and which is recommended 
for adoption by the International Electro-Technical Commission, 
namely, 8.89 at 20° C. This will supersede the value of 8.90 
at 20° C., which has been the standard heretofore in the specifica- 
tions of this Society. While Committee B-1 formally recom- 
mends this change in the interest of uniformity, it desires to 
place on record the opinion that the value is too low. The 
degree of purity of copper commercially available for manufac- 
ture into wire for electrical use has increased during the last 
several years, and records of the refiners of copper, and of the 
producers of copper wire, show that whereas the value 8.89 
was, perhaps, a reasonable average several years ago, it is to-day 
below the average of commercial copper. Committee B-1 will 
make recommendation, through Committee E-2 on Electrical 
Standards, to the Institute of Electrical Engineers and to the 
International Electro-Technical Commission, that data be 
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collected upon which to base a recommendation for a new value 
for standard specific gravity for use in specifications, etc., when 
the matter may properly be brought up for consideration at the 
next meeting of the International Electro-Technical Com- 
mission three years hence. 

Work has been continued by the joint committee made up 
of representatives of the Power Committee of the American Elec- 
tric Railway Engineering Association, and of Committee B-1, on 
the preparation of jointly acceptable specifications for trolley 
wire. A recommendation was made by the committee repre- 
senting the American Electric Railway Engineering Association, 
but after mature deliberation Committee B-1 was unable to 
agree to the proposition, which was referred back to the joint 
committee for further consideration. It is hoped that a satis- 
factory agreement upon joint specifications for trolley wire may 
be reached in the course of another year. 

Attention has been called to the fact that the requirements 
covering cable or strand are stated more definitely in the Standard 
Specifications for Medium Hard-Drawn Copper Wire than in 
those for Hard-Drawn Copper Wire, and the committee recom- 
mends the substitution of the requirements as stated in the 
former specifications for those in the latter. , 

Committee B-1 unanimously recommends amendments to 
the three specifications for copper wire for which they are 
responsible, as follows: 


STANDARD SPECIFICATIONS FOR HARD-DRAWN COPPER 
WIRE. 


1. Amend Section 5 by substituting 8.89 for 8.90, and add 
Cc.” 

2. Amend Section 9 by substituting “resistivity” for 
“conductivity.” 

3. Amend Section 13 by substituting “resistivity” for 
“conductivity.” 

4. Amend Section 15 by substituting ‘“‘resistivity’ for 
“conductivity.” 

5. Amend requirements under sub-title ‘ Hard-Drawn 
Copper-Wire Cable or Strand,” by substituting for Sections 17, 


— 
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18, 19 and 20, Sections 11, 12 and 13 from the Specifications for 
Medium Hard-Drawn Copper Wire, renumbering them respec- 
tively 17, 18 and 19. 

6. The following new cuts of the standard American sec- 
tions of grooved trolley wire are to replace those now in the 
specifications, the cuts being to enlarged scale, permitting the 
inclusion of dimensions which have been found essential. 


211600 C.M.Wire. 168100 C.M. Wire 133 200 C.M.Wire 


STANDARD SPECIFICATIONS FOR MrEpriuM HARD-DRAWN COPPER 
WIRE. 


1. Amend Section 5 by substituting 8.89 for 8.90 and 
adding 20° C.” 

2. Amend Section 9 by substituting ‘‘resistivity” for 
“conductivity.” 


STANDARD SPECIFICATIONS FOR SOFT OR ANNEALED COPPER 
WIRE. 


1. Correct Section 4, Paragraph (a), by omitting “of the” 
between “limiting” and “dimensions” in line 9, making the 
sentence read: ‘‘The table also states the limiting dimensions 
of the coils, reels, and spools on which the wire may be shipped.” 

2. Amend Section 5 by substituting 8.89 for 8.90, and 
adding “‘at 20° C.” 

3. Amend Section 8 by substituting ‘‘resistivity” for 
“conductivity.” 


The following modifications are also made in the explanatory 
notes accompanying the several specifications. It will not be 
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necessary to refer them to letter ballot of the Society, since they 
are not formally a part of the specifications. 


MopIFICATIONS OF EXPLANATORY NOTES ACCOMPANYING 
SPECIFICATIONS ON COPPER WIRE. 


Explanatory Notes on Specifications for Hard-Drawn Copper 
Wire.—1. Substitute the following for Section 5: 


“The specific gravity of copper was formerly standardized 
in these specifications at 8.90. The value has been changed to 
8.89, since that is the value adopted as standard by the American 
Institute of Electrical Engineers, and recommended for adoption 
by the International Electro-Technical Commission.” 

2. For Section 9, on Conductivity, substitute the following: 


“Electric conductivity was formerly expressed as a per- 
centage, on the basis of a determination made by Matthiessen 
about 1865, of the electric resistivity of supposedly pure copper. 
Since that time the methods of refining copper have advanced, 
so that it is not uncommon to find copper of over 100 per cent 
conductivity on the Matthiessen basis. There has heretofore 
not been international agreement on the electric resistivity of 
copper to be considered the standard for the expression of 
conductivity. While it is to be expected that an international 
agreement upon a standard for the resistivity of copper equal 
to 100 per cent conductivity, will be adopted by the Inter- 
national Electro-Technical Commission in September, 1913, 
it has been deemed preferable to express the requirements in 
standard specifications in the terms of quantities directly 
measurable, rather than by reference to some quantity whose 
standard value is the subject of agreement only. The use of the 
arbitrary term “ conductivity ” has no more warrant than the 
employment of arbitrary gage numbers. ‘Therefore, in these 
specifications the requirements are stated as the maximum 
rejection limits to the resistivity. 

“For the convenience of those who are accustomed to express 
resistivity in any one of the several more or less common units, 
the following table of equivalents has been prepared, giving 
the resistivity of copper at 20° C.: 
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900.77 lb. per mile-ohm is equal to: 


0.15775 ohms per meter-gram, 

1.7745 microhms per centimeter-cube, 

0.69863 microhms per inch-cube, 
10.674 ohms per mil-foot. 


910.15 Ib. per mile-ohm is equal to: 


0.15940 ohms per meter-gram, 

1.7930 microhms per centimeter-cube, 

0.70590 microhms per inch-cube, 
10.785 ohms per mil-foot. 


3. Renumber present Section 19 as Section 17, and insert 
it between Sections 16 and 18. 


Explanatory Notes on Standard Specifications for Medium 
Hard-Drawn Copper Wire.—1. Substitute for present Section 5, 
the matter given above for Section 5 under Notes on Specifications 
for Hard-Drawn Copper Wire. 

2. Substitute for present Section 9, on Conductivity, the 
matter given above for Section 9 under Notes on Specifications 
for Hard-Drawn Copper Wire, except that the table of equiva- 
lents must be as follows: 


896.15 lb. per mile-ohm is equal to: 


0.15694 ohms per meter-gram, 
1.7654 microhms per centimeter-cube, 
0.69504 microhms per inch-cube, 
10.619 ohms per mil-foot. 


905.44 lb. per mile-ohm is equal to: 


0.15857 ohms per meter-gram, 

1.7837 microhms per centimeter-cube, 
0.70224 microhms per inch-cube, 
10.729 ohms per mil-foot. 


Explanatory Notes on Standard Specifications for Soft or 
Annealed Copper Wire.—1. For present Section 5, substitute the 
matter given above for Section 5 under Notes on Specifications 
for Hard-Drawn Copper Wire. 
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2. For present Section 8, on Conductivity, substitute the 
matter givenabove for Section 9 under Noteson Specifications for 
Hard-Drawn Copper Wire, except that the table of equivalents 
must be as follows: 


891.58 lb. per mile-ohm is equal to: 


0.15614 ohms per meter-gram, 

1.7564 microhms per centimeter-cube, 
0.69150 microhms per inch-cube, 
10.565 ohms per mil-foot. 


Respectfully submitted on behalf of the committee, 


J. A. Capp, 
Chairman. 


[NotE.—The proposed amendments in the Standard Speci- 
fications for Hard-Drawn Copper Wire, for Medium Hard- 
Drawn Copper Wire, and for Soft or Annealed Copper Wire, 
were adopted by letter ballot of the Society on August 25, 1913, 
and the specifications as amended appear in the Year-Book for 
1913.—Eb.| 
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DISCUSSION. 


Mr. Norman Litcurietp (by letter).—Specifications for Mr. Litchfield. 


Trolley Wire.—Conferences on the preparation of mutually 
acceptable specifications for trolley wire were continued dur- 
ing the past year by the joint committee made up of 
representatives of the Committee on Power Distribution of 
the American Electric Railway Engineering Association and 
of Committee B-1. A_ specification was prepared by the 
joint committee; Committee B-1 decided, however, that it 
could not consistently adopt the proposed specification in the 
present standard Specifications for Hard-Drawn Copper Wire, 
but believed that a specification should be drawn solely to 
cover trolley wire and stand by itself as the joint specifi- 
cation for trolley wire of the American Society for Testing 
Materials and the American Electric Railway Engineering Asso- 
ciation, instead of being written into the general hard-drawn 
wire specification. In view of this action, the Engineering 
Association offers its further services in conference with the 
American Society for Testing Materials during the coming year, 
to the end that a standard specification shall be drawn up and 
adopted as early as possible. The Committee on Power Dis- 
tribution will therefore so report to the Convention of the 
Engineering Association in October. 

Sections of Grooved Trolley Wire.—The Engineering Asso- 
ciation wishes to urge the adoption as standard of the sections 
of grooved trolley wire recommended by Committee B-—1 in its 
report. These sections coincide in all respects with those 
adopted as standard by the Engineering Association at its 
convention last year. 
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REPORT OF COMMITTEE B-2 
ON 
NON-FERROUS METALS AND ALLOYS. 


For the time being it has been found convenient to divide 
the work up amongst four sub-committees, as follows: 


I. Pure Metals in Ingot Form; W. H. Bassett, Chairman. 
II. Wrought Metals and Alloys; W. R. Webster, Chair- 
man. 
III. Copper Casting Alloys—Brass and Bronze; T. D. 
Lynch, Chairman. 
IV. White Metals—Tin, Lead and Zinc Base; G. H. 
Clamer, Chairman. 


Sub-Committee I on Pure Metals in Ingot Form.—The 
work of Sub-Committee I for the year consisted in the revision 
of specifications for copper and resulted in two proposed 
standard specifications, which are presented to the Society for 
consideration and adoption, and which are designed to replace 
the present standard specifications for Copper Wire Bars, Cakes, 
Slabs, Billets, Ingots, and Ingot Bars: 

(a) For Lake Copper Wire Bars, Cakes, Slabs, Billets, In- 

gots, and Ingot Bars; 

(b) For Electrolytic Copper Wire Bars, Cakes, Slabs, 

Billets, Ingots, and Ingot Bars. 

These specifications are appended to this report. 

The question of arsenical copper has been thoroughly dis- 
cussed and the sub-committee felt that this could best be 
covered by the following unanimous report: 


THE CLASSIFICATION OF AMERICAN COPPER. 


The American copper production has been classified, after 
a careful consideration of the present trade conditions, into (a) 
Electrolytic, (b) Lake, and (c) Casting. Specifications were 
drawn up for what was virtually electrolytic copper two years 
ago, and adopted by the Society August 21, 1911. A further 
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step has been taken this year by submitting a revised electrolytic 
specification, with a definite limitation to electrolytic copper, 
the clauses in the former specification intended to include certain 
classes of Lake copper having been deleted. At the same time 
a separate specification for Lake copper in two main classes has 
been drafted after discussion with those most intimately con- 
nected with its production, sale and use. While this speci- 
fication is not entirely satisfactory in that a geographical 
restriction is by the nature of things not a true factor in determin- 
ing value, it is believed that such a recognition of the trade con- 
ditions as they exist is necessary to a working specification, and 
that it will be some years before a more rational classification can 
be imposed. ‘The situation regarding casting copper was care- 
fully canvassed and at first it was thought possible to subdivide 
this into virgin and reclaimed copper, but no way has been found 
to reconcile the great differences in composition of casting copper 
offering in the American market with the corresponding values 
and uses, which, while not directly part of a specification, have 
much to do with the acceptability of its clauses. Your sub- 
committee, therefore, decided that at the moment a statement 
of the conditions would be wiser than a formal specification. 

After electrolytic and Lake copper have been disposed of, 
there are three sources of more or less impure copper which are 
marketed as “casting”’: (a) fire-refined copper from virgin sources, 
(b) copper electrolytically produced by deposition from impure 
liquors, and (c) copper reclaimed from secondary sources. 

The virgin casting copper corresponds in a general way to 
the fine copper produced in many parts of the world before the 
days of electrolysis. Its principal characteristics are a resistivity 
too great for modern electrical uses and small quantities of more 
or less innocuous impurities, the copper contents being quite 
high—99.80 per cent or over. The old fire processes, while yield- 
ing a high-grade copper, did not satisfactorily separate the silver 
and gold values which generally are found in copper deposits, 
and to-day as soon as a few dollars’ worth of silver and gold per 
ton of copper are present, electrolytic refining becomes an eco- 
nomic necessity. The number of deposits which yield a copper 
suitable for fire refining is, therefore, very limited and there 
are but very few well-known producers of such material, although 
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the quantity produced is considerable, as the particular deposits 
are quite extensive. 

Lake copper, which has but little silver and practically no 
gold associated with its deposits, is removed from the class just 
considered, by the fact that the mineral carries copper in the 
native or metallic state and practically free from all impurities 
but arsenic. 

The second source of casting copper—electrolytic precipi- 
tation from impure liquors—is very irregular. In electrolytic 
refining, a certain proportion of the output, varying from nothing 
to two per cent, has to be recovered by use of insoluble anodes, 
due to chemical solution of part of the copper as distinguished 
from electrochemical solution. As copper electrolytes invariably 
carry arsenic and other impurities, a contaminated cathode is 
produced on account of the high working voltage—two volts 
or over—of such a tank. At one time this material was made 
into casting copper, but as it was difficult to market on account 
of the quantity and grade—copper varying from 97.5 to 99.5 
per cent—it has largely been suppressed, by re-refining, crystal- 
lization as bluestone, or in other ways. 

The third source of casting copper—reclaimed copper—is 
large in quantity. In quality it is generally an alloy carrying 
tin and nickel as the main impurities and of no fixed composition. 
An ordinary average would be about 99.25 per cent copper, but 
98.5 per cent would not be unusual. The impurities, however, 
may be a distinct advantage in foundry work, as a little tin gen- 
erally improves the properties of the castings. The source of 
this product is mainly miscellaneous copper-bearing material 
derived from the manufacture of brass and bronze. This is usu- 
ally collected by junk men and sold to the refiners, who largely 
eliminate the zinc, lead and iron which such waste carries. 

The clean brass and copper scrap from large mills working 
these metals do not find their way into this secondary trade, as 
they are readily worked up into new material by the original 
melters. There are many small smelters and a few large ones 
dealing in this miscellaneous foul scrap and their output is so 
variable that any comprehensive specification seems impossible. 
The larger concerns have brands which they protect by main- 
taining their individual characteristics reasonably constant, 


? 


On Non-FERROUS METALS AND ALLOYS. 209 


however much the particular brands may differ among them- 
selves. 

Summarizing, about all that can be said of casting copper 
to-day is that it is not reasonable to expect either low resistivity 
or any considerable ductility from such material; as its name 


implies it is exclusively a foundry copper. The copper contents 


are very variable; better known brands run in general over 99 
per cent and in some cases of virgin copper an assay of 99.9 per 
cent is regularly maintained. As long as the copper is clean, 
free from slag or dirt, and shows good fluidity when melted, but 
little objection can be made to the particular impurities which 
may be present. 

From what has been said, it will be seen that it is impossible 
to draw up a specification which can be acceptable at the same 
time to all of even the larger producers and consumers of what 
is nevertheless a distinct class of American copper. If the con- 
sumer is interested in getting certain results possibly connected 
with the particular impurities present, he should familiarize 
himself with the assay of the brands with which he has had suc- 
cess and insist upon uniform delivery. If he is buying casting 
copper at a price far below electrolytic, he must realize that the 
copper contents must be low or it would have paid the producer 
to have had the copper electrolytically refined. A great deal of 
the consumption is by small brass foundries where testing facili- 
ties are very limited, and, consequently, specifications are not 
likely to be given serious attention. - 

Sub-Committee IT on Wrought Metals and Alloys —Sub-Com- 
mittee II regrets that it has as yet been unable to formulate 
any specifications for submission. 

Proper specifications demand a clear understanding of 
the requirements of use, accurate definitions of the qualities 
necessary to meet requirements, and rational tests for determin - 
ing these qualities. Such a solution necessitates wider and 
more accurate knowledge than now is available either from pro- 
ducers or consumers. 

Partial specifications covering certain minor requirements 
could have been presented, but it has not been considered that 
the presentation of specifications incomplete as to the major 
points would serve any useful purpose at this time. 
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Sub-Committee ITI on Copper Casting Alloys —Sub-Commit- 
tee III confined its work to the revision of the present specifica- 
tions for manganese bronze, and suggested certain changes in 
regard to composition. On account of the fact that the present 
method of taking test specimens is not satisfactory, it was 
decided to let the present specification stand and refer the whole 
specification back to the sub-committee for complete revision. 

Sub-Committee IV on White Metals Sub-Committee IV 
held two meetings during the year. At the first meeting a 
certain line of work was laid out covering five alloys, which 
represent the most widely used babbitt metals in service. At 
the second meeting the work of the various members of the 
committee was reported. 

The series of alloys investigated were as follows: 


Tin. ANTIMONY. Copper. 
83.33 8.33 8.33 
50.00 12.00 1.00 37.00 


It was decided that the committee’s work should, for tne 
present, be confined to the study of the properties of these vari- 
ous alloys, and the determining of the most satisfactory method 
of sampling and analyzing. With this end in view, analyses were 
made by five members of the committee, all using the methods 
which were standard in their respective laboratories. The 
analyses were to be made on samples taken by saw-cutting 
at right angles to the length of the bar, at points one inch 
from each end and in the middle. These sawings were to be 
thoroughly mixed. Unfortunately, two members of the com- 
mittee overlooked the instructions relative to the sampling, and 
took their samples by drilling and without reference to the 
location of the holes. In these two cases the analyses, on at 
least two of the samples, showed quite a wide variation from 
the aimed-at formulas. There was also probably sufficient dif- 
ference between the results obtained by the other members to 


warrant the work being repeated. ‘The results are given in 
Table I. 
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TABLE I.—REsuULTS OF TESTS ON ALLOys. 


No. 1. 


| | Ott 

| Tin, Antimony,| Copper, Lead, | 

per cent. per cent. percent. | percent. per cent. 

Theoretical...........| 89.00 | 7.00 | 4.00 
89.00 | 7.40 | 3.40 | 
88.53 | 3.93 0.19 Arsenic.... 0.05 
G. W. Thompson...... 88.57 | 7.09 | 3.92 | 0.38 el 0 ro 

W. M. Corse! ........ 88.52 | sm | ost 
| | | | 

No. 2. 
Theoretical........... 83.33 | 8.33 8.33 
83.40 8.30 7.50 0.65 
82.40 | 9.00 8.40 0.20 
$2.65 | 8.51 8.34 0.28 Arsenic.... 0.06 
G. W. Thompson...... 82.56 | 8.54 8.44 0.35 Arsenic.... 0.09 
W. M. Corse!.........| 83.00 8.34 8.33 0.27 0.13 

| | 

No. 3. 

Theoretical...........| 50.00 | 12.00 1.00 
G. H. Clamer........ | 50.00 | 12.00 0.60 
50.07 | 11.72 | 0.80 | 36.96 Arsenic.... 0.02 
G. W. Thompson...... 49.75 | 11.36 0.81 37.96 Arsenic.... 0.09 
W. M. Corse!......... | 49.86 11.68 0.84 

| 

Atioy No. 4. 

Theovetionl, 7.00 | 17.00 | | 
H.E. 7.14 | 17.06 | 6.02 75.55 Arsenic... 0.01 
G. W. Thompson...... 7.20 | 16.85 | 0.04 76.06 Trace 
W. M. Corse*......... 5.91 | 15.44 | 

No. 5. 
Theoretical........... 10.0 | .... 
B. | | 9.91 0.01 | 89.90 Arsenic.... 0.02 

3. W. Thompson......! ; 9.94 | Trace | 90.04 Trace 
W. M. Corse! | 9.55 90.40 

| | 


The Brinell hardness tests and the compression tests 
which were made were equally unsatisfactory, and it was found 
that a standard method of making these tests would have to be 
formulated. Furthermore, it was thought desirable to rearrange 


‘On comparing results of analyses, it was found that in two eases where all the samples 
had been taken by drilling, the results were quite out of agreement with the other results 
reported, This was especially true of the lead-base babbitts. Although our ingots had all 
been remelted at least once to make test pieces for compression samples, it was decided that 
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the series of alloys in respect to their hardness from 1 to 5, so 
that the five alloys would satisfactorily cover the range for all 
requirements, thus eliminating the thousands of slight variations 
which are at present made in the five standard types suggested, 
for no particular reason or advantage. It was thought that a 
satisfactory rearrangement of the series would be as follows: 


TIN. ANTIMONY. Copper. Leap. 
50.00 15.00 2.00 33.00 
5.00 15.00 80.00 


Cooling curves of the various alloys were made by Mr. G. W. 
Thompson and determinations of melting points and complete 
liquidation points. | Microphotographs were made and _ also 
Brinell hardness tests at atmospheric temperature and at 100° C. 
Hammer tests were made by Mr. T. D. Lynch, the results of 
which are given in a paper entitled “Study of Bearing Metals 
and Methods of Testing’ to be presented at this meeting.' 
we would take sawings from the remains of the cylindrical pieces described in the previous 
reportand run analyseson them. The results obtained on the remelted material, together 


with the previous results, follow: 


Sample \fethod of Sampling Tin, Antimony,| Copper, Lead. Iron, 
No. “percent. per cent. | per cent. | per cent. per cent. 
1 Drillings from Ingot..| 88.52 7.06 3.70 | | 0.13 (Zn 0.26) 
Sawings from Remelt.| 88.00 | 7.27 4.05 | 0.28 0.42 
2  Drillings from Ingot..| 83.00 | 8.34 | 8.33 | 0.27 0.13 
Sawings from Remelt.; 82.92 | 8.31 8.34 | 0.26 0.14 
3 Drillings from Ingot..| 49.86 | 11.68 0.84 37.54 | ee 
Sawings from Remelt.| 49.66 | 11.56 0.84 | 37.80 0.09 
4 Drillings from Ingot. . 5.91 | 15.44 | 78.56 trace 
Sawings from Remelt. 6.94 17.00 | | 75.86 0.19 
5 | Drillings from Ingot..| ..... 9.55 | | 90.40 
Sawings from Remelt.| ..... 9.88 | 90.10 0.09 


As these analyses are made on remelted material, it is, of course, impossible to compare 
them directly with the results reported by other members of the committee. It is, however, 
worth noticing thet the lead-base samples Nos. 4 and 5 are now in much closer agreement with 
the theory and other results reported. It may also be pointed out that the iron content has 
increascd in all cases in the remelted material. 

Particular attention should be called to the fact that no zine is reported in sample No. 
1, remelted material. The first report gave 0.26 per cent present in the ingot, which was 
evidently an error, as we have since found that the zinc came from the glassware used. 

W. M. Corse. 


1Pp. 699-711. 
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As a standard method of sampling and analysis is of prime 
importance, it is the first question which should be settled by the 
committee, and in this connection the committee has asked the 
cooperation of the Bureau of Standards, and will produce a new 
series of samples, all taken in precisely the same manner and in 
accordance with an agreed-upon method, so that it is hoped by 
next year that the work will have progressed to such a point 
that recommendations can be made for satisfactory specifica- 
tions covering babbitt metals, as follows: 


1. Recommendation of five, or perhaps six or seven stand- 
ard formulas, which will cover the entire range of requirements 
for babbitt metals, with variable limits on each constituent, 
and stipulation of maximum impurities; 

2. Standard methods of sampling; 

3. Standard method of analysis; 

4. Recommendation for proper heat treatment and method 
of manufacture; 

5. Physical tests, which will show whether the alloy has 
been properly prepared and subjected to correct heat treatment. 


The work of Committee B-2 will be continued along the 
present lines and new sub-committees formed, as necessity arises, 
to take up new work of which there is an abundance. 

Respectfully submitted on behalf of the committee, 


WILLIAM CAMPBELL, 
Chairman. 


[Note.—The proposed Standard Specifications for (a) Lake 
Copper Wire Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars, 
and (b) Electrolytic Copper Wire Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars, were adopted by letter ballot of the 
Society on August 25, 1913, and follow this report.—Eb.] 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 
FOR 


LAKE COPPER WIRE BARS, CAKES, SLABS, BILLETS, 
INGOTS, AND INGOT BARS. 


ApopTep AuGusT 25, 1913. 


Definition. 1. In order to be classed as Lake, copper must originate 
on the northern peninsula of Michigan, U. S. A. 
Marks. 2. All wire bars, cakes, slabs, and billets shall be stamped 


with the maker’s brand and furnace charge mark. Ingots 
and ingot bars shall have a brand stamped or cast in, but need 
have no furnace charge mark. 

Lots. 3. The refiner shall arrange carloads or lots so that as far 
as possible each shall contain pieces from but one furnace charge, 
in order to facilitate testing by the user. 

Resistivity. 4. (a) Low Resistance Lake.—Lake copper offered for elec- 
trical purposes, whether fire or electrolytically refined, shall 
be known as “Low Resistance Lake.” 

Low Resistance Lake wire bars shall have a resistivity not 
to exceed 0.15535 international ohms per meter-gram at 20° C. 
(annealed). All ingots and ingot bars shall have a resistivity 
not to exceed 0.15694 international ohms per meter-gram at 
20° C. (annealed). 
(214) 
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Cakes, slabs, and billets shall come under the ingot classi- 
fication, except when specified for electrical use at time of pur- 
chase; in which case wire-bar classification shall apply. 

(b) High Resistance Lake.—Lake copper having a resis- 
tivity greater than 0.15694 international ohms per meter-gram 
at 20° C. shall be known as “‘High Resistance Lake.” 

5. (a) Low Resistance Lake copper shall have a purity 
of at least 99.880 per cent as determined by electrolytic assay, 
silver being counted as copper. 

(b) High Resistance Lake copper shall have a purity of 
at least 99.880 per cent, copper, silver, and arsenic being counted 
together. The arsenic content of High Resistance Lake copper, 
when required for special purposes, shall be the subject of 
agreement at time of purchase. 

6. Wire bars, cakes, slabs, and billets shall be substantially 


free from shrink holes, cold sets, pits, sloppy edges, concave . 


tops and similar defects in set or casting. ‘This clause shall not 
apply to ingots or ingot bars, in which case physical defects 
are of no consequence. 

7. Five per cent variation in weight or } in. variation in 
any dimension from the refiner’s published list or purchaser’s 
specified size shall be considered good delivery; provided, 
however, that wire bars may vary in length 1 per cent from the 
listed or specified length, and cakes 3 per cent from the listed 
or specified size in any dimension greater than 8in. The weight 
of ingot and ingot-bar copper shall not exceed that specified by 
more than 10 per cent, but otherwise its variation is not impor- 
tant. 

8. Claims shall be made in writing within thirty days of 
receipt of copper at the customer’s mill, and the results of 
the customer’s tests shall accompany such claims. The refiner 
shall be given one week from date of receipt of complaint to 
investigate his records, and shall then either agree to replace 
the defective copper or send a representative to the mill. No 
claims will be considered unless made as above stated, and if 
the copper in question, unused, cannot be shown to the refiner’s 
representative. 

Claims against quality will be considered as follows: 


Metal 
Contents. 


Physical 
tandard. 


Weight of 
Individual 
Pieces. 


Claims. 
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(a) Resistivity by furnace charges, ingot lots, or ingot-bar 
lots. 

(b) Metal contents by furnace charges, ingot lots, or ingot- 
bar lots. 

(c) Physical defects by individual pieces. 

(d) Variation in weights or dimensions by individual 
pieces. 

9. The refiner’s representative shall inspect all pieces 
where physical defects or variation in weight or dimension are 
claimed. If agreement is not reached, the question of fact 
shall be submitted to a mutually agreeable umpire, whose 
decision shall be final. 

In a question of metal contents each party shall select 
a sample of two pieces. These shall be drilled in the presence 
of both parties, several holes approximately 3 in. in diameter 
being drilled completely through each piece; scale from set 
shall be rejected. No lubricant shall be used and drilling shall 
not be forced sufficiently to cause’ oxidation of chips. The 
resulting samples shall be cut up, mixed, and separated into 
three parts, each of which shall be placed in a sealed package, 
one for each party and one for the umpire if necessary. Each 
party shall make an analysis, and if the results do not establish 
or dismiss the claim to the satisfaction of both parties the third 
sample shall be submitted to a mutually agreeable umpire, who 
shall determine the question of fact, and whose determination 
shall be final. 

In a question of resistivity each party shall select two 
samples, and in the presence of both parties these shall be 
rolled hot and drawn cold into wire of 0.080 in. diameter, approxi- 
mately, which shall be annealed at approximately 500° C. 
Three samples shall be cut from each coil and the same procedure 
followed as described in the previous paragraph. 

10. The expenses of the shipper’s representative and of 
the umpire shall be paid by the loser, or divided in proportion 
to the concession made in case of compromise. In case of 
rejection being established, the damage shall be limited to 
payment of freight both ways by the refiner for substitution 
of an equivalent weight of copper meeting these specifications. 
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EXPLANATORY NOTE. 


These specifications have been drawn to cover the peculiar 
trade situation which has classified the large production of copper 
from this geographical district as a product in a class by itself. 

It is realized that a better classification from an academic 
point of view could be made by method of production or Ly 
chemical composition, but the trade does not yet seem ready for 
such a step. 
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Marks. 


Lots. 


Quality. 


AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 
AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 
FOR 


ELECTROLYTIC COPPER WIRE BARS, CAKES, SLABS, 
BILLETS, INGOTS, AND INGOT BARS. 


AporpTtep AuGusT 25, 1913. 


1. All wire bars, cakes, slabs, and billets shall be stamped 
with the maker’s brand and furnace charge mark. Ingots and 
ingot bars shall have a brand stamped or cast in, but need have 
no furnace charge mark. 

2. The refiner shall arrange carloads or lots so that as far 
as possible each shall contain pieces from but one furnace charge, 
in order to facilitate testing by the user. 

3. (a) Metal Content.—The copper in all shapes shall have 
a purity of at least 99.880 per cent, as determined by electrolytic 
assay, silver being counted as copper. 

(b) Resistivity—All wire bars shall have a resistivity not 
to exceed 0.15535 international ohms per meter-gram at 20° C. 
(annealed); all ingot and ingot bars shall have a resistivity 
not to exceed 0.15694 international ohms per meter-gram at 
20° C. (annealed). 

Cakes, slabs, and billets shall come under the ingot classifica- 
tion, except when specified for electrical use at time of purchase, 
in which case wire-bar classification shall apply. 
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4. Wire bars, cakes, slabs, and billets shall be substantially 
free from shrink holes, cold sets, pits, sloppy edges, concave 
tops, and similar defects in set or casting. This clause shall not 
apply to ingots or ingot bars, in which case physical defects 
are of no consequence. 

5. Five per cent variation in weight or } in. variation in 
any dimension from the refiner’s published list or purchaser’s 


- specified size shall be considered good delivery; provided, 


however, that wire bars may vary in length 1 per cent from the 
listed or specified length, and cakes 3 per cent from the listed 
or specified size in any dimension greater than 8 in. The 
weight of ingot and ingot-bar copper shall not exceed that 
specified by more than 10 per cent, but otherwise its variation 
is not important. 

6. Claims shall be made in writing within thirty days of 
receipt of copper at the customer’s mill, and the results of 
the customer’s tests shall accompany such claims. The refiner 
shall be given one week from date of receipt of complaint to 
investigate his records, and shall then either agree to replace 
the defective copper or send a representative to the mill. No 
claims shall be considered unless made as above stated, and if 
the copper in question, unused, cannot be shown to the refiner’s 
representative. 

Claims against quality will be considered as follows: 


(a) Resistivity by furnace charges, ingot lots, or ingot-bar 
lots. 

(b) Metal contents by furnace charges, ingot lots, or ingot- 
bar lots. 

(c) Physical defects by individual pieces. 

(d) Variation in weights or dimensions by individual pieces. 


7. The refiner’s representative shall inspect all pieces where 
physical defects or variation in weight or dimension are claimed. 
If agreement is not reached, the question of fact shall be sub- 
mitted to a mutually agreeable umpire, whose decision shall be 
final. 

In a question of metal contents each party shall select a 
sample of two pieces. These shall be drilled in the presence 
of both parties, several holes approximately 3 in. in diameter 
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being drilled completely through each piece; scale from set sha!] 
be rejected. No lubricant shall be used and drilling shall not 
be forced sufficiently to cause oxidation of chips. The resulting 
samples shall be cut up, mixed, and separated into three parts, 
each of which shall be placed in a sealed package, one for each 
party and one for the umpire if necessary. Each party shall 
make an analysis, and if the results do not establish or dismiss 
the claim to the satisfaction of both parties the third sample 
shall be submitted to a mutually agreeable umpire, who shall 
determine the question of fact, and whose determination shall 
be final. 

In a question of resistivity each party shall select two 
samples, and in the presence of both parties these shall be rolled 
hot and drawn cold into wire of 0.080 in. diameter, approximately, 
which shall be annealed at approximately 500° C. Three samples 
shall be cut from each coil and the same procedure followed as 
described in the previous paragraph. 

8 The expenses of the shipper’s representative and of 
the umpire shall be paid by the loser, or divided in proportion 
to the concession made in case of compromise. In case of 
rejection being established, the damage shall be limited to 
payment of freight both ways by the refiner for substitution 
of an equivalent weight of copper meeting these specifications. 
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REPORT OF COMMITTEE C-1 
ON 
STANDARD SPECIFICATIONS FOR CEMENT. 


The committee begs to report that in compliance with the 
invitation authorized in the following resolution: 


“In order to secure uniformity in specifications for 
cement, it is recommended that the Board of Direction 
of the American Society of Civil Engineers, The Committee 
on Standard Specifications for Cement of the American 
Society for Testing Materials, and the Government Depart- 
mental Committee on the Specifications for Cement, be 
each requested to appoint a committee of three to confer 
for the purpose of reconciling differences.”’, 


which it presented in its last report, the Board of Direction 
of the American Society of Civil Engineers appointed Messrs. 
Alfred Noble, George S. Webster, and Richard L. Humphrey; 
the United States Government Departmental Committee on 
Specifications for Cement appointed Messrs. Arthur P. Davis, 
Asa E. Philips, and Rudolph J. Wig; and your committee 
appointed Messrs. George F. Swain, Olaf Hoff, and Clifford 
Richardson. 

These three committees met on October 26, 1912, and 
organized under the title of Joint Conference on Uniform Meth- 
ods of Tests and Standard Specifications for Cement, with 
the following officers: 


Vice-Chairman .......... Arthur P. Davis. 
Richard L. Humphrey. 


Executive Committee.....Rudolph J. Wig. 
Richard L. Humphrey. 


A number of meetings of this Conference have been held, 
at which have been formulated plans for conducting various 
(221) 


ms 
| 
| 
4 
| 
| 
x 
Ga 
; 


222 REPORT OF COMMITTEE C-1. 


tests and such other investigations as were deemed necessary in 
order to secure data upon which to base an agreement. This 
work has not progressed sufficiently to admit of conclusions; 
but it is expected that the Conference will reach an agreement 
during the present year, which will be reported to the several 
Societies represented in the Conference. The committee feels 
that the creation of this Conference is the most important 
step that has been taken towards the development of Uniform 
Methods of Tests and Standard Specifications for Cement and 
it is hoped that an agreement will be reached, by which a single 
standard will be adopted for this country. Pending a final 
report from this Conference your committee has taken no action. 

At all meetings of the Joint Conference there has been a 
full attendance of the representatives of your committee. 


Respectfully submitted on behalf of the committee, 


GEORGE F. SWAIN, 
Chairman. 


RicHARD L. HUMPHREY, 
Secretary. 
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REPORT OF COMMITTEE C-2 
ON 
REINFORCED CONCRETE. 


The committee has continued its affiliations with the 
Joint Committee on Concrete and Reinforced Concrete, consist- 
ing of special committees appointed by the American Society 
of Civil Engineers, American Society for Testing Materials, 
American Railway Engineering Association and the Association 
of American Portland Cement Manufacturers, and a majority 
of the members have attended all meetings of the Joint 
Committee. 

The committee has during the year revised its first progress 
report; has considered various papers and discussions relating 
to this report; differences between the members of the com- 
mittee have been discussed and the report finally reviewed at a 
meeting held November 20, 1912, at which the report herewith 
submitted in the accompanying Appendix was adopted. The 
report was presented and accepted at the annual meeting of 
the American Society of Civil Engineers on January 15, 1913, 
and was also presented and accepted at the annual meeting 
of the American Railway Engineering Association on March 20, 
1913. 

The several committees composing the Joint Committee 
have been continued with the view of making any further 
modifications in this report which may be found desirable. The 
committee recommends that the report herewith submitted be 
accepted and printed in the Proceedings, and that the com- 
mittee be continued. 


Respectfully submitted on behalf of the committee, 


F. E. TURNEAURE, 


Chairman. 
RicHarp L. HumpuHREY, 


Secretary. 
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APPENDIX. 


REPORT ON CONCRETE AND REINFORCED 
CONCRETE. 


REVISED AT THE MEETING OF THE JOINT COMMITTEE ON 
CONCRETE AND REINFORCED Concrere, New York, N. Y., 
NoveMBER 20, 1912. 


DeceMBER 1, 1912. 


I. INTRODUCTION. 


I. AND OF COMMITTER. 


In 1903 and 1904 special committees were appointed by 
the American Society of Civil Engineers, American Society for 
Testing Materials, American Railway Engineering and Mainte- 
nance of Way Association and the Association of American Port- 
land Cement Manufacturers, for the purpose of investigating 
current practice and providing definite information concerning 
the properties of concrete and reinforeed concrete and to recom- 
mend necessary factors and formulas required in the design of 
structures in which these materials are used. The history of the 
appointment of the committees is as follows: 

At the annual convention of the American Society of Civil 
Engineers held at Asheville, N. C., June 11, 1908, the following 
resolution was adopted: 


It is the sense of this meeting that a special committee be appointed 
to take up the question of concrete and steel concrete, and that such com- 
mittee cooperate with the American Society for Testing Materials and the 
American Railway Engineering and Maintenance of Way Association. 


Following the adoption of this resolution, a Special Com- 
mittee on Concrete and Steel Concrete was appointed by the 
Board of Direction on May 31, 1904. At the Annual Meeting, 
held January 18, 1905, the title of this special committee was, at 
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the request of the Committee, changed to “Special Committee on 
Concrete and Reinforced Concrete.” This Special Committee 
held its first meeting at Atlantic City, N. J., June 17, 1904, and 
effected an organization; Mr. C. C. Schneider was appointed 
Chairman and Mr. J. W. Schaub, Secretary. Mr. Schneider 
resigned from the Committee on January 3, 1911, and the Board 
of Direction on January 31, 1911, appointed Mr. J. R. Worcester 
as Chairman. On the resignation of Mr. J. W. Schaub, Mr. 
Richard L. Humphrey was appointed Secretary on October 11, 
1905. 

At the first meeting of the Committee it was decided to 
cooperate with similar committees which had been appointed 
by the American Society for Testing Materials and the American 
Railway Engineering and Maintenance of Way Association through 
the organization of a Joint Committee on Concrete and Reinforced 
Concrete. 

At the annual meeting of the American Society for Testing 
Materials held July 1, 1908, at the Delaware Water Gap, the 
following resolution was unanimously adopted: 

That the Executive Committee be requested to consider the desira- 
bility of appointing a committee on “ Reinforced Concrete,” with a view of 
cooperating with the committees of other societies in the study of the subject. 

At the meeting of the Executive Committee of the American 
Society for Testing Materials, held December 5, 1903, a special 
committee on “ Reinforced Concrete”? was appointed. 

The American Railway Engineering and Maintenance of 
Way Association appointed a Committee on Masonry on July 
20, 1899, with instructions as a part of its duties to prepare speci- 
fications for concrete masonry. A preliminary set of specifications 
for Portland cement concrete was reported to and adopted by 
the Association on March 19, 1903. At the meeting held in 
Chicago on March 17, 1904, the Committee on Masonry was au- 
thorized to cooperate with the Special Committee on Concrete 
and Reinforced Concrete of the American Society of Civil En- 
gineers, and following this action a special sub-committee was 
appointed. 

At a meeting of the several special committees representing 
the above mentioned societies, held at Atlantic City, N. J., 
June 17, 1904, arrangements were completed for collaborating the 


| 
| 
pr. 
4 iy 
4 
ha 
We 
7. 


226 Report oF CoMMITTEE C-2 (APPENDIX). 


work of these several committees through the formation of the 
Joint Committee on Concrete and Reinforced Concrete. Mr. 
C. C. Schneider was elected temporary chairman and Prof. A. N. 
Talbot, temporary secretary. The proposed plan of action of 
the special committee of the American Society of Civil Engineers - 
was outlined, involving the appointment of sub-committees on 
Plan and Scope, on Tests, and on Ways and Means. 

The Joint Committee, at its first meeting, invited the Asso- 
ciation of American Portland Cement Manufacturers to join 
in its deliberations through a committee appointed for the pur- 
pose. 

The Joint Committee at meetings at St. Louis in October, 
1904, and at New York in the following January perfected its 
organization by the adoption of rules and the choice of Mr. C. C. 
Schneider as Chairman, Mr. Emil Swensson, Vice-Chairman, 
and Mr. J. W. Schaub, Secretary. Later, on the resignation of 
Mr. Schaub, Mr. Richard L. Humphrey was chosen Secretary. 
Sub-Committees on Plan and Scope, on Tests, and on Ways and 
Means, were appointed. 

The Joint Committee as thus organized, consisted of the 
following members: 


OFFICERS. 


Chairman—C., C. ScHNEIDER. 
Vice-Chairman—EMiL SWENSSON. 
Secretary—Ricuarp L. HUMPHREY. 


MEMBERS. 


American Society of Civil Engineers (Special Committee on Concrete and 
Reinforced Concrete): 

Greiner, J. E., Consulting Engineer, Baltimore and Ohio Railroad, 
Baltimore, Md. 

Hatt, W. K., Professor of Civil Engineering, Purdue University, Lafay- 
ette, Ind. 

Hoff, Olaf, Vice-President, Butler Brothers, Hoff and Company, New 
York, N. Y. 

Humphrey, Richard L., Consulting Engineer; Engineer in Charge, 
Structural Materials Testing Laboratories, U. S. Geological Sur- 
vey, Philadelphia, Pa. 

Lesley, R. W., President, American Cement Company, Philadelphia, 
Pa. 

Schaub, J. W., Consulting Engineer, Chicago, III. 
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Schneider, C. C., Consulting Engineer, Philadelphia, Pa. 

Swensson, Emil, Consulting Engineer, Pittsburgh, Pa. 

Talbot, A. N., Professor of Municipal and Sanitary Engineering, in 
charge of Theoretical and Applied Mechanics, University of Illinois, 
Urbana, IIl. 

Worcester, J. R., Consulting Engineer, Boston, Mass. 


American Society for Testing Materials (Committee on Reinforced Con- 

crete): 

Fuller, William B., Consulting Engineer, New York, N. Y. 

Heidenreich, E. Lee, Consulting Engineer, New York, N. Y. 

Humphrey, Richard L., Consulting Engineer; Engineer in Charge, 
Structural Materials Testing Laboratories, U. S. Geological Sur- . 
vey, Philadelphia, Pa. 

Johnson, Albert L., Consulting Engineer, St. Louis, Mo. 

Lanza, Gaetano, Professor of Theoretical and Applied Mechanics, 
Massachusetts Institute of Technology, Boston, Mass. 

Lesley, R. W., President, American Cement Company, Philadelphia, 
Pa. 

Marburg, Edgar, Professor of Civil Engineering, University of Penn- 
sylvania, Philadelphia, Pa. 

Mills, Charles M., Principal Assistant Engineer, Philadelphia Rapid 
Transit Company, Philadelphia, Pa. 

Moisseiff, Leon S., Engineer of Design, Department of Bridges, New 
York, N. Y. 

Quimby, Henry H., Assistant, Engineer of Bridges, Bureau of Surveys, 
Philadelphia, Pa. 

Taylor, W. P., Engineer in Charge of Testing Laboratory, Philadelphia, 
Pa. 

Thompson, Sanford E., Consulting Engineer, Newton Highlands, 
Mass. 

Turneaure, F. E., Dean of College of Mechanics and Engineering, 
University of Wisconsin, Madison, Wis. 

Wagner, Samuel Tobias, Assistant Engineer, Philadelphia and Reading 
Railroad, Philadelphia, Pa. 

Webster, George §., Chief Engineer, Bureau of Surveys, Philadelphia, 
Pa. 


American Railway Engineering Association (Sub-Committee on Reinforced 

Concrete): 

Beckwith, Frank, Engineer of Bridges and Structures, Lake Shore 
and Michigan Southern Railroad, Cleveland, Ohio. 

Boynton, C. W., Inspecting Engineer, Cement Department, Illinois 
Steel Company, Chicago, III. 

Cunningham, A. O., Chief Engineer, Wabash Railroad, St. Louis, Mo. 

Scribner, Gilbert H., Jr., Contracting Engineer, Chicago, II. 

Swain, George F., Professor of Civil Engineering, Massachusetts Insti- 
tute of Technology, Boston, Mass. 
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Association of American Portland Cement Manufacturers (Committee on 

Concrete and Steel Concrete): 

Fraser, Norman D., President, Chicago Portland Cement Company, 
Chicago, 

Griffiths, R. E., Vice-President, American Cement Company, Phila- 
delphia, Pa. 

Hagar, Edward M., Manager, Cement Department, Illinois Steel 
Company, Chicago, Ill. 

Newberry, Spencer B., Manager, Sandusky Portland Cement Company, 
Sandusky, Ohio. 


Since organization the following changes have occurred in 
the personnel of the Joint Committee: 


J. W. Schaub, died March 30, 1909. 

C, C. Schneider, resigned January 3, 1911. 
Ernest R. Ackerman, resigned. 

T. J. Brady, resigned. 

Frank Beckwith, resigned. 

A. O. Cunningham, resigned. - 

George F. Swain, resigned. 


The following representatives of the American Railway 
Engineering Association have since been appointed: 


Thompson, F. L., Engineer of Bridges and Buildings, Illinois Central 

Railroad, Chicago, Ill. 
Alternates: 

Hotchkiss, L. J., Assistant Bridge Engineer, Chicago, Burlington and 
Quincy Railroad, Chicago, IIl. 

Prior, J. H., Assistant Engineer, Chicago, Milwaukee and St. Paul 
Railway, Chicago, Ill. 

Schall, F. E., Bridge Engineer, Lehigh Valley Railroad, South Beth- 
lehem, Pa. 

Tuthill, Job, Assistant Engineer, Cincinnati, Hamilton and Dayton 
Railway, Cincinnati, Ohio. 


At a meeting of the Joint Committee held at Atlantic City, 
N. J., June 30, 1911, Mr. J. R. Worcester was elected chairman. 
Meetings of the Joint Committee have been held as follows: 


June 17, 1904, at Atlantic City, N. J. 
Oct. 4, 5, 6, 1904, at St. Louis, Mo. 
Jan. 17, 1905, at New York, N. Y. 
June 21, 1905, at Cleveland, Ohio. 
June 30, 1905, at Atlantic City, N. J. 
Oct. 11, 1905, at New York, N. Y. 
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Dec. 14, 1905, at New York, N. Y. 

June 21, 1906, at Atlantic City, N. J. 
Dec. 13, 1906, at New York, N. Y. 

Jan. 15, 1907, at New York, N. Y. 
March 7, 1907, at New York, N. Y. 
March 18, 1907 at Chicago, Ill. ° 

June 21, 22, 1907, at Atlantic City, N. J. 
Dec. 10, 1907, at New York, N. Y. 

Oct. 27, 28, 1908, at New York, N. Y. 
Dec. 9, 10, 11, 1908, at Philadelphia, Pa. 
June 30, 1911, at Atlantic City, N. J. 
Nov. 20, 1912, at New York, N. Y. 


At the meeting of the Joint Committee at St. Louis in Octo- 
ber, 1904, it was determined to arrange tests at such technologi- 
cal institutions as were provided with the requisite facilities and 
were willing to cooperate, the Committee, through its Sub-Com- 
mittee on Ways and Means, to provide materials, and through its 
Sub-Committee on Tests, to consult as to lines of testing and to 
advise as to methods. The following ten institutions, Case 
School of Applied Science, Columbia University, Cornell Uni- 
versity, University of Illinois, State University of Iowa, Massa- 
chusetts Institute of Technology, University of Minnesota, Ohio 
State University, Purdue University and University of Wiscon- 
sin, undertook a preliminary series of tests and carried them 
through, in due time reporting their results to the Committee. 

Through the inability of the Committee to do as much as 
it had hoped by way of furnishing uniform materials for these 
tests and exercising a proper supervision, the results were not as 
serviceable to the Committee as they would have been if the 
full plans had been carefully carried out; but much important 
information was received in this manner, and the Committee 
desires to express its gratitude to the professors and students 
who so kindly assisted in this work. 

The results were collated and edited by the Secretary of the 
Committee at the Structural Materials Testing Laboratories 
of the U. 8. Geological Survey, St. Louis, and the results in type- 
written form were circulated among the members of the Com- 
mittee. It was hoped that they might be published by the 
Geological Survey as a Bulletin, but in that the Committee 
was disappointed, though some of the results have been published 
in bulletins and papers issued by their authors. 
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In June, 1905, the U. 8. Geological Survey proposed to coop- 
erate with the Joint Committee to the extent of placing the 
tests made at the St. Louis Laboratory at the service of the Com- 
mittee and allowing the Committee the privilege of advising 
as to what tests of concrete and reinforced concrete should be — 
conducted there. This cooperation was welcomed by the Com- 
mittee and was brought about by the fact that the Secretary 
of the Committee, who was also the chairman of the sub-com- 
mittee on tests, was in charge of the St. Louis Laboratory. 

During the five years in which the investigations of struc- 
tural materials were in progress under the direction of the U. §. 
Geological Survey, a large amount of data relating to concrete 
and reinforced concrete was obtained. These investigations 
have included the survey of the constituent materials of concrete 
such as sands, gravels and crushed stone, in the various parts 
of the United States, covering their strength as mortars or con- 
cretes in various consistencies and proportions. 

A number of series of tests of plain and reinforced concrete 
beams were made, covering the influence of character of aggre- 
gates, proportions and age, percentage of reinforcement, the 
effect of the variation in span relative to the depth, methods 
of anchorage of the reinforcement, etc., upon strength. A study 
was made of the effect of the personal equation in tests of beams, 
made by three construction companies operating in St. Louis and 
by the employees of the testing laboratory. Tests covering bond, 
shear, compressive strength, and weight per cubic foot, for various 
classes of aggregates, were made. 

Among other investigations were tests of reinforced concrete 
slabs, 12 ft. span supported at two and four edges, of strength 
and other properties of cement hollow building blocks, of the 
permeability of cement mortars and concretes, value of various 
waterproofing and dampproofing preparations, effect of alkali 
and sea water on cement mortars and concretes, the fire-resistive 
properties of concrete and other structural materials, and these 
have been made and published, in part. 

The collation and study of the data obtained were seriously 
handicapped through lack of funds available for this purpose, 
the large part of the appropriation being devoted to work 
urgently required by the various Government Bureaus. Of the 
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annual Government appropriation of $100,000 there was never 
available more than $15,000 per annum for investigation of con- 
crete and reinforced concrete, and several years the amount did 
not exceed $5,000 a year. None of this was available for the 
publication of results, and the allotment from the funds pro- 
vided for all Government printing was wholly inadequate for the 
purpose. 

On June 30, 1910, Congress transferred this work to the 
Bureau of Standards together with the data collected. It is 
understood that arrangements have been made by which the 
data of the tests will be published as rapidly as conditions permit. 

The Committee has had the benefit of the results of investi- 
gations by a number of laboratories some of which were under 
the direct supervision of its members. The extent and varied 
character of the tests, and their interpretation by those in charge, 
made them of especial vaiue to the Committee. 

The Committee also has had the advantage of investigations 
made in foreign laboratories. 

At a meeting of the Joint Committee at Atlantic City, June 
30, 1905, it was decided to divide among its members the work 
of collating and digesting the results of all available tests on con- 
crete and reinforced concrete, and in pursuance of this resolution, 
sub-committees were appointed on the following subjects: 


Historical. 

' Aggregates, Proportions and Mixing. 
Physical Characteristics, Waterproofing, etc. 
Strength and Elastic Properties. 

Simple Reinforced Concrete Beams. 
T-Beams, Floor Slabs, ete. 
Columns and Piles. 

Fire-resistive Qualities. 

Failures of Concrete Structures. 
Arches. 


A large amount of work was done by these sub-committees 
and extensive reports were submitted by most of them. These 
reports were typewritten in manifold and circulated among the 
members of the Joint Committee, and were of great value to the 
Committee in arriving at its conclusions. 
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The Sub-Committee on Ways and Means raised by sub- 
scription about $8,000 which was used for preliminary investi- 
gations and expenses incident to printing its report and carrying 
on work of the Committee. The Committee desires to express 
its appreciation for contributions and for donations of materials. 

Even with this support the field of activity of the Committee 
has been limited in scope and it has been unable to undertake 
investigations of its own. 

In 1908 the Committee began the preparation of the Progress 
Report which was submitted to the Society in January, 1909. 
A preliminary outline was prepared by the Secretary and sub- 
mitted to the Committee in October. On October 27, a meet- 
ing of the Joint Committee was held at New York, at which the 
report was discussed paragraph by paragraph and chapters were 
referred to sub-committees and carefully revised during the 
following three weeks. The whole, as thus amended and revised, 
was again submitted in print to a full meeting held in Philadelphia, 
December 9, 10 and 11, and again was gone over in great detail. 
As a result of those two meetings, a considerable amount of matter 
which it was at first intended to include was omitted on account 
of slight disagreements as to its form, and lack of time to work 
it into satisfactory shape, and to this fact may be attributed some 
of the criticisms which have been elicited. It is hoped, in this 
report, to avoid these objections. 

In the spring of 1911 the work of revising the 1909 progress 
report was taken up and a number of meetings were held. The 
discussions submitted to the American Society of Civil Engineers 
and subsequent papers relating to the same subject were care- 
fully considered, and differences of opinion between members of 
the Committee were threshed out. 

Through the cooperation of the societies represented on 
the Joint Committee the report was again put in type and the 
necessary editions were printed for the use of the members of 
the Committee, the last bearing the date of August 1, 1911. 
In the form thus reached the report remained until November 
20, 1912, when the Committee again met in New York and gave 
a final review needed to bring it into the shape in which it is 
now presented. 
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2. HISTORICAL SKETCH OF USE OF CONCRETE AND 
REINFORCED CONCRETE. 


In considering the history of concrete and reinforced concrete, 
a distinction should be made between the two. The use of con- 
crete extends back to long before the Christian era—while on the 
other hand the art of reinforced concrete is in its infancy. 

The use of concrete by the ancient Romans was due to the 
discovery of the fact that voleanie ash or puzzolan, when mixed 
with slaked lime, made a cement possessing hydraulic properties. 
The durability of this work of the Romans was due largely to 
favorable climatic conditions and the character of the cement used. 

From the downfall of the Roman Empire to the last half of 
the eighteenth century the manufacture of cement seems to have 
been discontinued. The Roman cement mortars and concretes 
surviving the ravages of the elements became so hard that the 
cement acquired a reputation that led the early experimenters 
of the eighteenth century to seek to recover this supposed lost 
Roman art. Evidently no concrete was used during this period, 
for the necessity of simultaneous induration in the interior and 
exterior of the mass prevents the use of lime alone in concrete 
and requires the use of some material having hydraulic qualities. 
This fact limited the use of concrete to regions where hydraulic 
limes and cements were to be found. 

In 1756 Smeaton discovered that an argillaceous limestone 
produced a lime that would set and harden under water, but no 
immediate appreciation of this knowledge appears to have resulted. 

Natural cement was first manufactured by Parker in 1795 
as a result of an attempt to equal or excel Roman cement, and 
in 1796 he took out an English patent. Natural cement was 
first produced in America in 1818 and for a long time was the 
principal cement used. With the introduction of Portland 
cement, and the reduction in the cost of manufacture, there 
has been a gradual substitution of Portland for natural cement. 
The production of natural cement reached a maximum of nearly 
10,000,000 barrels in 1899 and has since gradually decreased to 
about 900,000 barrels in 1911. 

The art of manufacturing Portland cement was discovered 
in 1811 by Joseph Aspdin and patented by him in 1824. He 
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called this cement “Portland”’’ by reason of its resemblance to a 
building stone obtained from the Isle of Portland, off the coast 
of England. Up to 1850 very little progress was made in the 
manufacture of this cement in England. Since 1855, however, 
the increase in the production in Europe has been steady, and its 
superiority has led to a gradually increasing use in such structures 
as require concrete in mass, as foundations, fortifications, sea- 
walls, docks, locks, ete. While Portland cement was first manu- 
factured in 1824 and was produced in 1871 by David O. Saylor at 
Coplay, Pa., and by Thomas Millen at South Bend, Ind., it was 
not until the early eighties that it was manufactured to any extent 
in America. From that time on the production has rapidly 
increased, reaching the enormous total of nearly 80,000,000 bar- 
rels in 1911. This increase in production has been largely stimu- 
lated by the reduction in cost of Portland cement through the 
perfection of the American methods, the introduction of rein- 
forced concrete and the extensive use of cement during the last 
few years. 

In 1850 Joseph Gibbs obtained a British patent for casting 
solid walls in wooden molds, and in 1897 C. W. Stevens obtained 
a patent for making artificial cast stone with concrete. It is 
not clear, however, that these inventors were the first to use 
the material in a similar way. 

The origin of the idea of increasing the load-carrying capacity 
of concrete by reinforcing it with metal embedded in it is gen- 
erally attributed to Joseph Monier, a French gardener, who used 
a wire frame or skeleton embedded in concrete in the construc- 
tion of flower pots, tubs and tanks in 1867, and for which he 
obtained the first patent of the kind in the same year. This 
was not the first use of the material, however, as Lambot con- 
structed a boat of reinforced concrete in 1850 which was exhib- 
ited at the Paris Exposition in 1853. He took out an English 
patent in 1855. 

In France in 1861, Francois Coignet applied the principles 
of reinforced concrete in the construction of beams, arches, pipes, 
ete., and with Monier exhibited some of their work at the Paris 
Exposition in 1867. Coignet also took out an English patent in 
1855. In England in 1854, W. B. Wilkinson took out a patent 
for a reinforced concrete floor. In America, Ernest L. Ransome 
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used metal in combination with concrete as early as 1874, and 
W. E. Ward erected, in 1875, at Port Chester, New York, a house 
built entirely of reinforced concrete. 

Monier, while not the first to apply it, obtained the first 
patents for reinforced concrete, the German and American rights 
of which he disposed of to G. A. Wayss and Company in 1880. 
Wayss and J. Bauschinger shortly after began the tests cn this 
material which were published in 1887. 

Thaddeus Hyatt, an American engineer, employed David 
Kirkaldy of London to make the experiments on reinforced 
concrete which Hyatt published in 1877. The theories of Hyatt 
were applied in a practical way to building construction in 1877 
by H. P. Jackson of San Francisco. 

In America, Ransome, between 1874 and 1884, constantly 
increased his application of metal reinforcement consisting of 
old wire rope and hoop iron, gradually realizing the necessity 
for using it with a greater regard for its proper position in the 
mass, and in 1884 took out the first patent for a deformed bar. 
Prior to this reinforced concrete was used but little in the United 
States. Ransome built his first important structure in 1890, 
the Leland Stanford Jr. Museum Building, 312 ft. long, two 
stories high with basement, the walls and floors of which were of 
reinforced concrete. Since 1891, when the first slabs of rein- 
forced concrete were used in America, the development has been 
rapid. 

The introduction of this form of construction proceeded 
more slowly in Europe and between 1891 and 1894 Moeller in 
Germany, Wiinsch and Emperger in Hungary, Melan in Austria 
and Hennebique in France were pioneers in its development. 
Hennebique built reinforced concrete slabs as early as 1879 but 
did not patent his system of construction until 1892. 

The first published method of computation was by Koenen 
and Wayss in 1886. Subsequent theories have been advanced 
by de Mazas, Neuman, Melan, Coignet, de Tedesco, Von Thullie, 
Ostenfeld, Sanders, Spitzer, Lutken, Ritter, Hatt, Talbot, Tur- 
neaure and others. As early as 1884 Ransome worked out methods 
of calculation independent of other investigators, and in 1899 
Considére published his important series of tests from which he 
deduced his methods of calculation. 
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During the last ten years the earlier theories have been some- 
what modified as experience has been gained, and as the fund of 
experimental knowledge has accumulated. The trend of the 
modifications has been towards greater harmony in methods of 
‘aleulation. Some of the earlier assumptions have been proved 
fallacious and generally abandoned. On the other hand, some of 
the refinements of calculation, though known to be in accordance 
with facts, have, by general consent, been discarded, as they 
do not affect the design materially or are taken into account by a 
modification of the constants. Among these are the value of the 
concrete in the tension side of a beam, and the lack of a uniform 
modulus of elasticity in compression of concrete under widely 
varying stress. The earlier theories did not deal with the diagonal 
tension under shearing stresses. This has been found to be a most 
important consideration and much attention has been paid to it 
in recent years. In spite of the study which has already been 
given it, however, there is still much to learn in this direction. 
The action of various forms of reinforcement in columns has 
received much consideration, and there is still a wide difference 
of opinion as to the efficacy of some forms of column reinforce- 
ment. Many experiments have been made in this branch of the 
subject, and practice appears to be gradually converging towards 
greater uniformity. 

In the preparation of this historical sketch the Committee 
has endeavored to verify the facts and has received the cooperation 
of H. Kempton Dyson, Secretary of the Concrete Institute of 
England, Alfred Huser, President Deutscher Beton-Verein, 
C. von Bach, Otto Leube, of Germany, Karl Naehr, of Austria, 
Joseph Schustler, of Hungary, and H. I. Hannover, of Denmark, 
to whom the Committee wishes to acknowledge its appreciation 
and thanks. 


3. AUTHORITIES ON WHICH RECOMMENDATIONS ARE BASED. 


It has been suggested, that a report such as this should in- 
clude all the data upon which conclusions are based. The im- 
practicability of this may not be realized by those who are not 
familiar with the enormous quantity of matter involved. There 
are, however, reasons other than the magnitude of the task which 
tend to show that full publication is not advisable. One of 
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these is that most of the experimental results have already 
appeared in print and are now available, and a reprint of them 
would be of no great advantage to anyone. Where originally 
printed they are frequently accompanied with comments and 
deductions by their author, which are of great value as such but 
could scarcely be copied by the Committee. Another reason 
against publication is that in the large part of the experimental 
work consulted it has been found that certain vitally important 
information, either with regard to the materials, the way in which 
they are manipulated or as to the precise results reached, are 
lacking. The omission of measurements of deformations, of 
course, frequently renders results of little value. While such 
tests may have some use on account of particular facts developed, 
a large part may be useless, and consequently unsuitable for 
publication. The difficulty of separating the valuable from the 
valueless would be almost insurmountable. 

It may not be improper, however, to append the following 
list of authors and references, as comprising a considerable part 
of the most important published material upon the subject under 
consideration: 


C. v. Bacu.—Compressive Tests: Deutsche Bauzeitung, 1905, 68 
(No. 17). Mitteilungen tiber Forschungsarbeiten, Nos. 22, 
29, 39, 45-47, 72-74. 

EK. CanpLtor.—Cements and Mortars: Ciments et Chaux Hydrau- 
liques, 1898, p. 446, 447. 

Howarp A. Carson.—Plain and Reinforced Concrete Beams: 
Boston Transit Commission, 10th Annual Report, 1904, 
Appendix G. 

A. ConsipERE.—Reinforced Beams and Columns: Comptes Rendus 
de l’Academie des Sciences, CX XVII, p. 992; CXXIX, p. 
467; CXXXV, 8 Sept., 1902; CXL, 30 June, 1905. 

F. v. EmMperGErR.—Forschungsarbeiten auf dem Gebiete des Eisen- 
betons. No. 8. 

R. Ferer.—Sur la compacité des mortiers hydrauliques; Annales 
des Ponts et Chaussées, 1892, II. Composition, Various Tests 
of Reinforcing: Etude Experimentale du ciment armé, 1906. 

B. and Sanrorp EK. THompson.—Composition 
and Density: Transactions American Society of Civil Engi- 
neers, Vol. LIX, 1907, p. 67. 
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Wituiam K. Harr.—Reinforced Concrete Beams: Proceedings 
American Society for Testing Materials, Vol. II, 1902, p. 161; 
Journal Western Society of Engineers, June, 1904. 

James E. Howarp.—Watertown Arsenal Tests of Cubes and 
Reinforced Columns: Tests of Metals, U. 8. A., 1897, 1898, 
1899, 1903, 1905, and 1906; Proceedings American Society 
for Testing Materials, Vol. VI, 1906, p. 346. 

Ricuarp L. Humpurey.—St. Louis Laboratory Tests of Aggre- 
gates, Beams, Prisms, Fire Resistance: U. 8. Geological 
Survey, Bulletins 324, 329, 331, 344, 370, and Bureau of 
Standards, Technologic Paper 2. 

Greorce A. KimBaLu.—Compressive Tests of Cubes: Tests of 
Metals, U.S. A., 1899. 

GAETANO Lanza.—Reinforced Columns and Beams: Transactions 
American Society of Civil Engineers, Vol. L, 1903, p. 483; 
Proceedings American Society for Testing Materials, Vol. 
VI, 1906, p. 416. 

Eimer J. and Reinforced Columns: 
Engineering News, Vol. LIII, p. 614, June 15, 1905. 

Epcar MarsurG.—Reinforced Concrete Beams and Piers: Pro- 
ceedings American Society for Testing Materials, Vol. IV, 
1904, p. 508; Vol. IX, 1909, p. 509. 

E. Moérscu.—Der Eisenbetonbau. 

CuaARLEs L. Norton.—Fireproofing, Protection of Steel by Concrete: 
Boston Insurance Engineering Experiment Station Reports, 
IV and IX. 

Logan W. PacGe.—Properties of Oitl-mixed Portland Cement 
Mortar and Concrete: Transactions American Society of 
Civil Engineers, Vol. LX XIV, 1911, p. 255. 

GeorceE W. Rarrer.—Consistency and Proportions: Tests of 
Metals, U. 8. A., 1898. 

M. Rvupevorr.—Versuche mit Eisenbeton-Sdulen, Beton and 
Eisen, March 9, 1911. 

F. ScutLe.—Resultate der Untersuchung von Armierten Beton. 
Ziirich, 1906. 

Artuur N. Tatsor.—Prisms, Beams, Columns: Proceedings 
American Society for Testing Materials, Vol. IV, 1904, p. 476; 
Vol. VII, 1907, p. 382. University of Illinois Bulletins, Nos. 
1, 4, 8, 10, 12, 14, 20, 22, 28, 29. 
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Artuur N. and Artuur R. Lorp.—Concrete as Rein- 
forcement for Structural Steel Columns: University of Illinois 
Bulletin, No. 56. 

Sanrorp E. TxHompson.—Permeability and Consistency: Pro- 
ceedings American Society for Testing Materials, Vol. VI, 
1906, p. 358, and Vol. VIII, 1908, p. 500. 

FreperickK E. TuRNEAURE.—Beams, Columns: Proceedings 
American Society for Testing Materials, Vol. IV, 1904, 
p. 498. 

U. S. GeoLocicaL Survey Tests.—Tests of High-Pressure Steam 
on Concrete and of Dampproofing and Waterproofing Com- 
pounds: under direction of Richarp L. Humpurey. Pub- 
lished by Bureau of Standards, Technologic Papers 3 and 5. 

Joun L. VAN OrnnumM.—Fatigue in Reinforced Beams: Transac- 
tions American Society of Civil Engineers, Vol. LVIII, 
1907, p. 294. 

Morton O. WitHey.—Beams, Columns: Bulletins University 
of Wisconsin, Vol. IV, Nos. 1, 2; Vol. V, Nos. 2, 5. 

Ira H. Woo.tson.—Effect of Heat: Proceedings American Society 
for Testing Materials, Vol. VI, 1906, p. 433, and Vol. VII, 
1907, p. 404. 

Recommendations of British Reinforced Concrete Committee, 
1907, 1911. 

Regulations of Prussian Government, 1904, 1907. 

Rules of French Government, 1907. 

Recommendations of Swiss Society of Engineers and Architects, 
1909. 

Rules of the Austrian Ministry of the Interior, 1908, 1911. 


In addition to the authorities above quoted, the Committee 
desires to acknowledge with thanks the discussions of its progress 
report which have appeared from time to time and to say that all 
the points brought out therein have been carefully weighed. 


4. CHARACTER OF REPORT PRESENTED. 


At the time of the appointment of the Committee, in 1904, 
there existed a great diversity of opinion in America as to 
methods of design, safe allowable working stresses and methods 
of proportioning, handling, etc. A great deal of experimental 
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work had been done, but there was need of a clearing house 
through which results could be compared and divergent views 
harmonized. During the interval between the appointment of 
the Committee and the preparation of its first progress report, 
rapid advance was made in the art of concrete construction aided 
by the results of the investigations and the experience acquired 
by constructors. This report, which was submitted in 1909, 
attempted to embody recommendations for safe methods of 
construction and design in accordance with the best practice 
of the day. It would have been impossible for such a report 
to meet with the approval of all, and the Committee is well 
satisfied that its most vital recommendations have met with 
quite general acceptance by the engineers of the country. 

Since the appearance of the first progress report many 
experiments have been conducted by some of the technical insti- 
tutions and by private and corporate interests, and through these 
and through longer experience in construction by its members 
and others, the Committee is now able to make some perfecting 
modifications of its former report and to add some entirely new 
material. The time therefore seems opportune for presenting 
this second report bringing the work up to date. 

The Committee would point out that while the report deals 
with every kind of stress to which concrete is subjected and 
includes all ordinary conditions of proportioning and handling, it 
does not go into all types of construction or all the applications 
to which concrete and reinforced concrete may be put. 

It is not to be assumed that the Committee in presenting 
this report wishes to imply that further improvements are not 
possible. A careful reading will disclose many points on which 
the present deductions are regarded as only tentative, but it has 
been the aim of the Committee to cover as fully as possible 
recommendations based on the present state of the art. 

This report is what the word implies and nothing more; it 
is not a “specification,” but may be used as a basis for specifi- 
cations. 

The use of concrete and reinforced concrete involves the 
exercise of good judgment to a greater degree than for any other 
building material. 

Rules can not produce or supersede judgment; on the con- 
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trary, judgment should control the interpretation and applica- 
tion of rules. 


Il. ADAPTABILITY OF CONCRETE AND REINFORCED CONCRETE. 


The adaptability of concrete and reinforced concrete for 
engineering structures, or parts thereof; is now so well established 
that they may be considered the recognized materials of con- 
struction. They have proved . satisfactory materials, when 
properly used, for those purposes for which their qualities make 
them particularly suitable. 


1. USES. 


Concrete is a material of very low tensile strength and cap- 
able of sustaining but very small tensile deformations without 
rupture; its value as a structural material depends chiefly upon 
its durability, its fire-resistive qualities, its strength in compres- 
sion, its relatively low cost, and its adaptability to placing, espe- 
cially where space is cramped or limited. Its strength increases 
generally with age. 

Concrete is well adapted for structures in which the principal 
stresses are compressive, such as foundations, dams, retaining 
and other walls, tunnels, piers, abutments, short columns and, 
in many cases, arches. In the design of massive. concrete, the 
tensile strength of the material in resisting principal stresses 
must generally be neglected. 

By the use of metal reinforcement to resist the principal 
tensile stresses, concrete becomes available for general use in a 
great variety of structures and structural forms. This combina- 
tion of concrete and metal is particularly advantageous in the 
beam, where both compression and tension exist; it is also advan- 
tageous in the column where the main stresses are compressive, 
but where cross-bending may exist. In structures resisting 
lateral forces it possesses advantages over plain concrete in that it 
may be designed so as to utilize more fully the strength rather 
than the weight of the material. Metal reinforcement may also 
be of value in distributing cracks due to shrinkage and tempera- 
ture changes. 
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2. PRECAUTIONS. 


Failures of reinforced concrete structures are usually due 
to any one or a combination of the following causes: defective 
design, poor material, faulty execution, and premature .removal 
of forms. 

The defects in a design may be many and various. The 
computations and assumptions on which they were based may 
be faulty and contrary to the established principles of statistics 
and mechanics; the unit stresses used may be excessive, or the 
details of the design defective. 

Articulated concrete structures designed in imitation of steel 
trusses may be mentioned as illustrating a questionable use 
of reinforced concrete, and such structures are not recommended. 

Poor material is sometimes used for the concrete, as well as 
for the reinforcement. The use of poor aggregates, especially 
sand, which have not been tested is a common source of defect. 
Inferior concrete is frequently due also to lack of experience on 
the part of the contractor and his superintendents, or to the 
absence of proper supervision. 

An unsuitable quality of metal for reinforcement is some- 
times prescribed in specifications, for the purpose of reducing 
the cost. For steel structures, a high grade of material is specified, 
while the steel used for reinforcing concrete is sometimes made 
of unsuitable, brittle material. 

Faulty execution, careless workmanship and too early 
removal of forms may generally be attributed to unintelligent 
or insufficient supervision. 


3. RESPONSIBILITY AND SUPERVISION. 


The design of reinforced concrete structures should receive 
at least the same careful consideration as those of steel, and 
only engineers with sufficient experience and good judgment shouid 
be intrusted with such work. 

The computations should include all minor details, which 
are sometimes of the utmost importance. The design should 
show clearly the size and position of the reinforcement and should 
provide for proper connection between the component parts, 
so that they cannot be displaced. As the connection between 
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reinforced concrete members are frequently a source of weakness, 
the design should include a detailed study of such connections, 
accompanied by computations to prove their strength. 

While other engineering structures on the safety of which 
human lives depend are generally designed by engineers employed 
by the owner, and the contracts let on the engineer’s design and 
specifications, in accordance with legitimate practice, reinforced 
concrete structures frequently are designed by contractors or by 
engineers commercially interested, and the contract let for a 
lump sum. 

The construction of buildings in large cities is regulated by 
ordinances or building laws, and the work is inspected by munici- 
pal authorities. For reinforced concrete work, however, the 
limited supervision which municipal inspectors are able to give 
is not sufficient. Therefore, means for more adequate supervision 
and inspection should be provided. 

The execution of the work should not be separated from 
the design, as intelligent supervision and successful execution 
can be expected only when both functions are combined. The 
engineer who prepares the design and_ specifications should 
have, therefore, the supervision of the execution of the work. 

The Committee recommends the following rules for structures 
of reinforced concrete for the purpose of fixing the responsibility 
and providing for adequate supervision during construction: 

(a) Before work is commenced, complete plans shall be 
prepared, accompanied by specifications, stress computations, 
and descriptions showing the general arrangement and all details. 
The plans shall show the size, length, dimensions for points of 
bending, and exact position of all reinforcement, including stirrups, 
ties, hooping and splicing. The computations shall give the loads 
assumed separately, such as dead and live loads, wind and impact, 
if any, and the resulting stresses. 

(b) The specifications shall state the qualities of the materials 
to be used for making the concrete, and the manner in which 
they are to be proportioned. 

(c) The strength which the concrete is expected to attain 
after a definite period shall be stated in the specifications. 

(d) The drawings and specifications shall be signed by the 
engineer and the contractor. 
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(e) Plans and specifications for all public structures should 
be approved by a legally authorized state or city official, and 
copies of such plans and specifications placed on file in his office. 

(f) The approval of plans and specifications by other author- 
ities shall not relieve the engineer nor the contractor of responsi- 
bility. 

(g) Inspection during construction shall be made by com- 
petent inspectors employed by and under the supervision of the 
engineer, and shall cover the following: 


1. The materials. 

2. The correct construction and erection of the forms 
and the supports. 

3. The sizes, shapes and arrangement of the reinforce- 
ment. 

4. The proportioning, mixing and placing of the con- 
crete. 

5. The strength of the concrete by tests of standard test 

pieces made on the work. 

6. Whether the concrete is sufficiently hardened before 
the forms and supports are removed. 

7. Prevention of injury to any part af the structure by 
and after the removal of the forms. 

8. Comparison of dimensions of all parts of the finished 
structure with the plans. 


(h) Load tests on portions of the finished structure shall 
be made where there is reasonable suspicion that the work has 
not been properly performed, or that, through influences of some 
kind, the strength has been impaired. Loading shall be carried 
to such a point that one and three quarters times the calculated 
working stresses in critical parts are reached, and such loads 
shall cause no injurious permanent deformations. Load tests 
shall not be made until after 60 days of hardening. 


4. DESTRUCTIVE AGENCIES. 


(a) Corrosion of Metal Reinforcement.—Tests and experi- 
ence indicate that steel sufficiently embedded in good concrete 
is well protected against corrosion no matter whether located above 
cr below water level. It is recommended that such protection 
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be not less than 1 in. in thickness. If the concrete is porous 
so as to be readily permeable by water, as when the concrete is 
laid with a very dry consistency, the metal may corrode on 
account of the presence of moisture and air. 

(b) Electrolysis —The most recent experimental data avail- 
able on this subject seem to show that while reinforced concrete 
structures may, under certain conditions, be injured by the flow 
of electric current in either direction between the reinforcing 
material and the concrete, such injury is generally to be expected 
only where voltages are considerably higher than those which 
usually occur in concrete structures in practice. If the iron be 
positive, trouble may manifest itself by corrosion of the iron 
accompanied by cracking of the concrete, and, if the iron be nega- 
tive, there may be a softening of the concrete near the surface 
of the iron, resulting in a destruction of the bond. The former, 
or anode effect, decreases much more rapidly than the voltage, 
and almost if not quite disappears at voltages that are most 
likely to be encountered in practice. The cathode effect, on the 
other hand, takes place even on very low voltages, and is therefore 
more important from a practical standpoint than that of the anode. 

Structures containing salt or calcium chloride, even in very 
small quantities, are very much more susceptible to the effects of 
electric currents than normal concrete, both the anode and cathode ° 
effects progressing much more rapidly in the presence of chlorine. 

There is great weight of evidence to show that normal rein- 
forced concrete structures free from salt are in very little danger 
under most practical conditions, while non-reinforced concrete 
structures are practically immune from electrolysis troubles. 

The results of experiments now in progress may yield more 
conclusive information on the subject. 

(c) Sea Water—The data available concerning the effect 
of sea water on concrete or reinforced concrete are limited and 
inconclusive. Sea walls out of the range of frost action have been 
standing for many years without apparent injury. In many 
harbors where the water is brackish, through rivers discharg- 
ing into them, serious disintegration has taken place. This has 
securred chiefly between low and high tide levels and is due, 
evidently, in part to frost. Chemical action also appears to be 
indicated by the softening of the mortar. To effect the best 


if 
‘ 
tes 


246 Report oF CoMMITTEE C-2 (APPENDIX). 


resistance to sea water, the concrete must be proportioned, mixed 
and placed so as to prevent the penetration of sea water into 
the mass or through the joints. The cement should be of such 
chemical composition as will best resist the action of sea water; 
the aggregates should be carefully selected, graded and propor- 
tioned with the cement so as to secure the maximum possible 
density; the concrete should be thoroughly mixed; the joints 
between old and new work should be made watertight; and the 
concrete should be kept from exposure to sea water until it is 
thoroughly hard and impervious. 

(d) Acids.—Concrete of first class quality thoroughly hard- 
ened is affected appreciably only by strong acids which seriously 
injure other materials. A substance like manure is injurious to 
green concrete, but after the concrete has hardened thoroughly 
it resists the action of such acid satisfactorily. 

(e) Oils —When concrete is properly made and the surface 
carefully finished and hardened, it resists the action of such mineral 
oils as petroleum and ordinary engine oils. Oils which contain 
fatty acids produce injurious effects, forming compounds with 
the lime which result in a disintegration of the concrete in con- 
tact with them. 

(f) Alkalies.—The action of alkalies on concrete is problem- 
atical. In the reclamation of arid land where the soil is heavily 
charged with alkaline salts it has been found that concrete, stone, 
brick, iron and other materials are injured under certain condi- 
tions. It would seem that at the level of the ground water in 
an extremely dry atmosphere such structures are disintegrated, 
through the rapid crystallization of the alkaline salts, resulting 
from the alternate wetting and drying of the surface. Such 
destructive action can be prevented by the use of a protective 
coating and is minimized by securing a dense concrete. 


Ill. 


A knowledge of the properties of the materials entering into 
concrete and reinforced concrete is the first essential. The impor- 
tance of the quality of the materials used cannot be overesti- 
mated, and not only the cement but also the aggregates should 
be subject to such definite requirements and tests as will insure 


concrete of the desired quality. 
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1. CEMENT. 


There are available for construction purposes Portland, 
Natural and Puzzolan or Slag cements. Only Portland cement 
is suitable for reinforced concrete. 

(a) Portland Cement is the finely pulverized product result- 
ing from the calcination to incipient fusion of an intimate mix- 
ture of properly proportioned argillaceous and _ caleareous 
materials. It has a definite chemical composition varying 
within comparatively narrow limits. 

Portland cement should be used in reinforced concrete con- 
struction and any construction that will be subject to shocks 
or vibrations or stresses other than direct compression. 

(b) Natural Cement is the finely pulverized product resulting 
from the calcination of an argillaceous limestone at a tempera- 
ture only sufficient to drive off the carbonic acid gas. Although 
the limestone must have a certain composition, this composition 
may vary within much wider limits than in the case of Portland 
cement. Natural cement does not develop its strength as quickly 
nor is it as uniform in composition as Portland cement. 

Natural cement may be used in massive masonry where 
weight rather than strength is the essential feature. 

Where economy is the governing factor a comparison may 
be made between the use of natural cement and a leaner mixture 
of Portland cement that will develop the same strength. 

(c) Puzzolan or Slag Cement is the finely pulverized product 
resulting from grinding a mechanical mixture of granulated 
basic blast furnace slag and hydrated lime. 

Puzzolan cement is not nearly as strong, uniform or reliable 
as Portland or natural cement, is not used extensively and never 
in important work; it should be used only for foundation 
work underground where it is not exposed to air or running 
water. 

(d) Specifications—The cement should meet the require- 
ments of the Standard Methods of Testing and Specifications 
for Cement '(see Appendix, p. 274), or as may be hereafter 
amended, the result of the joint labors of special committees of 
the American Society of Civil Engineers, American Society for 
Testing Materials, American Railway Engineering Association, 
and others. 


tal 
4 
217 
4 
ig 
4 
in 
"pe 
4} 
| 
= 


Report oF CoMMITTEE C-2 (APPENDIX). 


2. AGGREGATES. 


Extreme care should be exercised in selecting the aggregates 
for mortar and concrete, and careful tests made of the materials for 
the purpose of determining their qualities and the grading necessary 
to secure maximum density! or a minimum percentage of voids. 

(a) Fine Aggregate should consist of sand, crushed stone, or 
gravel screening, graded from fine to coarse and passing when 
dry a screen having j-in. diameter holes; it preferably should be 
of siliceous material, and should be clean, coarse, free from dust, 
soft particles, vegetable loam or other deleterious matter and not 
more than 6 per cent should pass a sieve having 100 meshes per 
linear inch. Fine aggregates should always be tested. . 

Fine aggregates should be of such quality that mortar com- 
posed of one part Portland cement and three parts fine aggregate 
by weight when made into briquettes will show a tensile strength 
at least equal to the strength of 1:3 mortar of the same consis- 
tency made with the same cement and standard Ottawa sand.” 
If the aggregate be of poorer quality the proportion of cement 
should be increased in the mortar to secure the desired strength. 

If the strength developed by the aggregate in the 1:3 mortar is 
less than 70 per cent of the strength of the Ottawa-sand mortar, 
the material should be rejected. To avoid the removal of any coat- 
ing on the grains, which may affect the strength, bank sands should 
not be dried before being made into mortar, but should contain 
natural moisture. The percentage of moisture may be determined 
upon a separate sample for correcting weight. From 10 to 40 per 
cent more water may be required in mixing bank or artificial sands 
than for standard Ottawa sand to produce the same consistency. 

(b) Coarse Aggregate should consist of crushed stone or gravel 
which is retained on a screen having }-in. diameter holes and 
graded from the smallest to the largest particles; it should be 
clean, hard, durable, and free from all deleterious matter. Aggre- 
gates containing dust and soft, flat or elongated particles, should 
be excluded from important structures. 


1A convenient coefficient of density is the ratio of the sum of the volumes of materials 
contained in a unit volume to the total unit volume. 

2A natural sand obtained at Ottawa, Illinois, passing a screen having 20 meshes and 
retained on a screen having 30 meshes per linear inch; prepared and furnished by the Ottawa 
Silica Company, for 2 cents per pound f. o. b. cars, Ottawa, Illinois—under the direction cf the, 
Special Committee on Uniform Tests of Cement of the American Society of Civil Engineers. 
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The maximum size of the coarse aggregate is governed by 
the character of the construction. 

For reinforced concrete and for small masses of unreinforced 
concrete, the aggregate must be small enough to produce with 
the mortar a homogeneous concrete of viscous consistency which 
will pass readily between and easily surround the reinforcement 
and fill all parts of the forms. 

For concrete in large masses the size of the coarse aggregate 
may be increased, as a large aggregate produces a stronger con- 
crete than a fine one, although it should be noted that the danger 
of separation from the mortar becomes greater as the size of the 
coarse aggregate increases. 

Cinder concrete should not be used for reinforced concrete 
structures. It may be allowable in mass for very light loads or 
for fire protection purposes. The cinders used should be com- 
posed of hard, clean, vitreous clinker, free from sulphides, 
unburned coal or ashes. 


3. WATER. 


The water used in mixing concrete should be free from oil, 
acid, alkalies, or organic matter. 


4. METAL REINFORCEMENT. 


The Committee recommends as a suitable material for rein- 
forcement, steel filling the requirements for structural steel rein- 
forcement of the specifications adopted by the American Railway 
Engineering Association (Appendix, p. 274). 

Where little bending or shaping is required, and also for 
reinforcement for shrinkage and temperature stresses, material 
filling the requirements of the specifications adopted by the 
American Railway Engineering Association for high-carbon steel 
(Appendix, p. 274) may be used, adopting the same unit stresses 
as hereinafter recommended for structural grade material. 

For the reinforcement of slabs, small beams or minor details, 
or for reinforcement for shrinkage and temperature stresses, wire 
drawn from bars of the grade of rivet steel may be used, with the 
unit stresses hereinafter recommended. 

The reinforcement should be free from excessive rust, scale, 
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or coatings of any character which would tend to reduce or 
destroy the bond. 


IV. PREPARING AND PLACING MortTAR AND CONCRETE. 


1. PROPORTIONS. 


The materials to be used in concrete should be carefully 
selected, of uniform quality, and proportioned with a view to 
securing as nearly as possible a maximum density. 

(a) Unit of Measure.—The unit of measure should be the 
cubie foot. A bag of cement, containing 94 Ib. net, should be 
considered the equivalent of one cubic foot. 

The measurement of the fine and coarse aggregates should 
be by loose volume. 

(b) Relation of Fine and Coarse Aggregates.—The fine and 
coarse aggregates should be used in such relative proportions as 
will insure maximum density. In unimportant work it is suffi- 
cient to do this by individual judgment, using correspondingly 
higher proportions of cement; for important work these propor- 
tions should be carefully determined by density experiments and 
the sizing of the fine and coarse aggregates should be uniformly 
maintained or the proportions changed to meet the varying sizes. 

(c) Relation of Cement and Aggregates —For reinforced con- 
crete construction, one part of cement to a total of six parts of 
fine and coarse aggregates measured separately should generally 
be used. For columns, richer mixtures are generally preferable, 
and in massive masonry or rubble concrete a mixture of 1:9 
or even 1:12 may be used. 

These proportions should be determined by the strength or 
the wearing qualities required in the construction at the critical 
period of its use. Experienced judgment based on individual 
observation and tests of similar conditions in similar localities is an 
excellent guide as to the proper proportions for any particular case. 

For all important construction, advance tests should be made 
of concrete of the materials, proportions and consistency to be 
used in the work. These tests should be made under laboratory 
conditions to obtain uniformity in mixing, proportioning and 
storage, and in case the results do not conform to the require- 
ments of the work, aggregates of a better quality should be chosen 
or richer proportions used to obtain the desired results. 
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2. MIXING. 


The ingredients of concrete should be thoroughly mixed and 
the mixing should continue until the cement is uniformly distrib- 
uted and the mass is uniform in color and homogeneous. As 
the maximum density and greatest strength of a given mixture 
depend largely on thorough and complete mixing, it is essential 
that the work of mixing should receive special attention and care. 

Inasmuch as it is difficult to determine, by visual inspection, 
whether the concrete is uniformly mixed, especially where lime- 
stone or aggregates having the color of cement are used, it is 
essential that the mixing should occupy a definite period of time. 
The minimum time will depend on whether the mixing is done 
by machine or hand. 

(a) Measuring Ingredients—Methods of measurement of 
the proportions of the various ingredients should be used which 
will secure separate and uniform measurements of cement, fine 
aggregate, coarse aggregate, and water at all times. 

(b) Machine Mixing.—When the conditions will permit, a 
machine mixer of a type which insures the uniform proportion- 
ing of the materials throughout the mass should be used, as a 
more uniform consistency can be thus obtained. The mixing 
should continue for a minimum time of at least one minute after 
all the ingredients are assembled in the mixer. 

(ec) Hand Mixing.—When it is necessary to mix by hand, the 
mixing should be on a water-tight platform and especial precau- 
tions should be taken to turn all the ingredients together at least 
six times and until they are homogeneous in appearance and 
color. 

(d) Consistency.—The materials should be mixed wet enough 
to produce a concrete of such ‘a consistency as will flow into the 
forms and about the metal reinforcement when used, and which, 
at the same time, can be conveyed from the mixer to the forms 
without separation of the coarse aggregate from the mortar. 

(e) Retempering.—Mortar or concrete should not be remixed 
with water after it has partly set. 


3. PLACING CONCRETE. 


(a) Methods.—Concrete after the completion of the mixing 
should be handled rapidly, and in as small masses as is practicable, 
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from the place of mixing to the place of final deposit, and under 
no circumstances should concrete be used that has partly set. 
A slow-setting cement should be used when a long time is likely 
to occur between mixing and placing. 

Concrete should be deposited in such a manner as will per- 
mit the most thorough compacting, such as can be obtained by 
working with a straight shovel or slicing tool kept moving up and 
down until all the ingredients have settled in their proper place 
by gravity and the surplus water has been forced to the surface. 
Special care should be exercised to prevent the formation of 
laitance, which hardens very slowly and forms a poor surface on 
which to deposit fresh concrete. All laitance should be removed. 

Before depositing concrete, the reinforcement should be care- 
fully placed in accordance with the plans, and adequate means 
provided to hold it in its proper position until the concrete has 
been deposited and compacted; care should be taken to see that 
the forms are substantial and thoroughly wetted (except in freez- 
ing weather) or oiled and that the space to be occupied by the 
concrete is free from débris. When the placing of concrete is 
suspended, all necessary grooves for joining future work should 
be made before the concrete has had time to set. 

When work is resumed, concrete previously placed should be 
roughened, thoroughly cleansed of foreign material and laitance, 
thoroughly wetted and then slushed with a mortar consisting 
of one part Portland cement and not more than two parts fine 
aggregate. 

The faces of conerete exposed to premature drying should 
be kept wet for a period of at least seven days. 

(b) Freezing Weather.—Conecrete should not be mixed or 
deposited at a freezing temperature, unless special precautions 
are taken to avoid the use of materials covered with ice crystals 
or containing frost, and to provide means to prevent the concrete 
from freezing after being placed in position and until it has thor- 
oughly hardened. 

As the coarse aggregate forms the greater portion of the 
concrete, it is particularly important that this material be heated 
to well above the freezing point. 

(c) Rubble Concrete—Where the concrete is to be deposited 
in massive work, its value may be improved and its cost mate- 
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rially reduced by the use of clean stones thoroughly embedded 
in the concrete as near together as is possible and still entirely 
surrounded by concrete. 

(d) Under Water.—In placing concrete under water it is 
essential to maintain still water at the place of deposit. The 
use of tremies, properly designed and operated, is a satisfactory 
method of placing concrete through water. The concrete should 
be mixed very wet (more so than is ordinarily permissible) so 
that it will flow readily through the tremie and into the place 
with practically a level surface. 

The coarse aggregate should be smaller than ordinarily used, 
and never more than 1 in. in diameter. The use of gravel facili- 
tates mixing and assists the flow of concrete through the tremie. 
The mouth of the tremie should be buried in the concrete so that 
it is at all times entirely sealed and the surrounding water pre- 
vented from forcing itself into the tremie; the concrete will then 
discharge without coming in contact with the water. The tremie 
should be suspended so that it can be lowered quickly when it is 
necessary either to choke off or prevent too rapid flow; the lateral 
flow should preferably be not over 15 ft. 

The flow should be continuous in order to produce a mono- 
lithic mass and to prevent the formation of laitance in the interior. 

In large structures it may be necessary to divide the mass 
of concrete into several small compartments or units, filling one 
at a time. With proper care. it is possible in this manner to 
obtain as good results under water as in the air. 


V. Forms. 


Forms should be substantial and unyielding, so that the con- 
crete shall conform to the designed dimensions and contours, and 
should be tight in order to prevent the leakage of mortar. 

The time for removal of forms is one of the most important 
steps in the erection of a structure of concrete or reinforced con- 
crete. Care should be taken to inspect the concrete and ascer- 
tain its hardness before removing the forms. 

So many conditions affect the hardening of concrete, that 
the proper time for the removal of the forms should be decided 
by some competent and responsible person, especially where the 
atmospheric conditions are unfavorable. 
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It may be stated in a general way that forms should remain in 
place longer for reinforced concrete than for plain or massive con- 
crete, and that forms for floors, beams and similar horizontal strue- 
tures should remain in place much longer than for vertical walls. 

When the concrete gives a distinctive ring under the blow of 
a hammer, it is generally an indication that it has hardened 
sufficiently to permit the removal of the forms with safety. If, 
however, the temperature is such that there is any possibility 
that the concrete is frozen, this test is not a safe reliance, as 
frozen concrete may appear to be very hard. 


VI. Deraits or CONSTRUCTION. 


1. JOINTS. 


(a) Concrete-—For concrete construction it is desirable to cast 
the entire structure at one operation, but as this is not always 
possible, especially in large structures, it is necessary to stop the 
work at some convenient point. This should be selected so 
that the resulting joint may have the least possible effect on the 
strength of the structure. It is therefore recommended that the 
joint in columns be made flush with the lower side of the girders; 
that the joints in girders be at a point midway between supports, 
but should a beam intersect a girder at this point, the joint should 
be offset a distance equal to twice the width of the beam; that 
the joints in the members of a floor system should in general be 
made at or near the center of the span. 

Joints in columns should be perpendicular to the axis of the 
column, and in girders, beams, and floor slabs, perpendicular to 
the plane of their surfaces. 

Girders should never be constructed over freshly formed 
columns without permitting a period of at least two hours to 
elapse, thus providing for settlement or shrinkage in the columns. 

Shrinkage and contraction joints may be necessary in 
concrete subject to great fluctuations in temperature. The 
frequency of these joints will depend, first, on the range of tem- 
perature to which the concrete will be subjected, and second, on 
the quantity and position of the reinforcement, These joints 
should be determined and provided for in the design. In massive 
work, such as retaining walls, abutments, etc., built without rein- 
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forcement, contraction joints should be provided, at intervals of 
from 25 to 50 ft. and with reinforcement from 50 to 80 ft. 
(the smaller the height and thickness, the closer the spacing), 
throughout the length of the structure. To provide against the 
structures being thrown out of line by unequal settlement, each 
section of the wall should be tongued and grooved into the 
adjoining section. A groove should be formed in the surface of 
the concrete at vertical joints in walls or abutments. 

Shrinkage and contraction joints should be lubricated by 
either an application of petroleum residuum oil or a similar mate- 
rial so as to permit a free movement at the joint when the con- 
crete expands or contracts. 

The insertion of a sheet of copper or zine or even tarred 
paper will be found advantageous securing expansion and con- 
traction at the joint. 

(b) Reinforcement.—Wherever it is necessary to splice ten- 
sion reinforcement the length of lap should be determined on the 
basis of the safe bond stress, the stress in the bar and the shear- 
ing resistance of the concrete at the point of splice; or a connec- 
tion should be made between the bars of sufficient strength to 
carry the stress. Splices at points of maximum stress should 
be avoided. In columns, bars more than ? in. in diameter not 
subject to tension should be properly squared and butted in a 
suitable sleeve; smaller bars may be treated as indicated for ten- 
sion reinforcement or the stress may be cared for by embedment 
in large masses of concrete. At foundations, bearing plates 
should be provided for supporting the bars, or the bars may be 
carried into the footing a sufficient distance to transmit the stress 
of the steel to the concrete by means of the bearing and bond 
resistance; in no case shall the ends of the bars be permitted 
merely to rest on concrete. 


2. SHRINKAGE AND TEMPERATURE CHANGES. 


Shrinkage of concrete, due to hardening and contraction from 
temperature changes, causes cracks, the size of which depends on 
the extent of the mass. The resulting stresses are important 
in monolithic construction and should be considered carefully 
by the designer; they cannot be counteracted successfully, but 
the effects can be minimized. 
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Large cracks produced by quick hardening or wide ranges 
of temperature can be broken up to some extent into small cracks 
by placing reinforcement in the concrete; in long continuous 
lengths of concrete, it is better to provide shrinkage joints at 
points in the structure where they will do little or no harm. 
Reinforcement is of assistance and permits longer distances 
between shrinkage joints than when no reinforcement is used. 

Small masses or thin bodies of concrete should not be joined 
to larger or thicker masses without providing for shrinkage at 
such points. Fillets similar to those used in metal castings, but 
of larger dimensions, for gradually reducing from the thicker to 
the thinner body, are of advantage. 

Shrinkage cracks are likely to occur at points where fresh 
concrete is joined to that which is set, and hence in placing the 
concrete, construction joints should be made on horizontal and 
vertical lines, and, if possible, at points where joints would 
naturally occur in dimension stone masonry. 


3. FIREPROOFING. 


The actual fire tests of concrete and reinforced concrete have 
been limited, but experience, together with the results of tests 
thus far made, indicates that concrete, on account of its low rate 
of heat conductivity and the fact that it is incombustible, may 
be used safely for fireproofing purposes. 

The dehydration of concrete probably begins at about 500° 
F. and is completed at about 900° F., but experience indicates 
that the volatilization of the water absorbs heat from the sur- 
rounding mass, which, together with the resistance of the air cells, 
tends to increase the heat resistance of the concrete, so that the 
process of dehydration is very much retarded. The concrete 
that is actually affected by fire remains in position and affords 
protection to the concrete beneath it. 

The thickness of the protective coating required depends 
on the probable duration of a fire which is likely to occur in 
the structure and should be based on the rate of heat conduc- 
tivity. The question of the conductivity of concrete is one 
which requires further study and investigation before a definite 
rate for different classes of concrete can be fully established. 
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However, for ordinary conditions it is recommended that the metal 
in girders and columns be protected by a minimum of 2 in. of 
concrete; that the metal in beams be protected by a minimum 
of 1} in. of concrete, and that the metal in floor slabs be protected 
by a minimum of 1 in. of concrete. 

It is recommended that in monolithic concrete columns, the 
concrete to a depth of 1} in. be considered as protective covering 
and not included in the effective section. 

It is recommended that the corners of columns, girders and 
beams be beveled or rounded, as a sharp corner is more seriously’ 
affected by fire than a round one. 


4. WATERPROOFING. 


Many expedients have been used to render concrete imper- 
vious to water under normal conditions, and also under pressure 
conditions that exist in reservoirs, dams and conduits of various 
kinds. Experience shows, however, that where mortar or con- 
crete is proportioned to obtain the greatest practicable density 
and is mixed to a rather wet consistency, the resulting mortar or 
concrete is impervious under moderate pressure. 

A concrete of dry consistency is more or less pervious to 
water, and compounds of various kinds have been mixed with 
the concrete, or applied as a wash to the surface for the purpose 
of making it water tight. Many of these compounds are of but 
temporary value, and in time lose their power of imparting 
impermeability to the concrete. 

In the case of subways, long retaining walls and reservoirs, 
provided the concrete itself is impervious, cracks may be so 
reduced by horizontal and vertical reinforcement properly pro- 
portioned and located, that they are too minute to permit leak- 
age, or are soon closed by infiltration of silt. 

Coal-tar preparations applied either as a mastic or as a coat- 
ing on felt or cloth fabric, are used for waterproofing, and should 
be.proof against injury by liquids or gases. 

For retaining and sithilar walls in direct contact with the 
earth, the application of one or two coatings of hot coal-tar 
pitch to the thoroughly dried surface of concrete is an efficient 
method of preventing the penetration of moisture from the earth. 
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5. SURFACE FINISH. 


Concrete is a material of an individual type and should not 
be used in imitation of other structural materials. One of the 
important problems connected with its use is the character 
of the finish of exposed surfaces. The finish of the surface 
should be determined before the concrete is placed, and the 
work conducted so as to make possible the finish desired. For 
many forms of construction the natural surface of the concrete 
is unobjectionable, but frequently the marks of the boards and 
the flat dead surface are displeasing, making some special treat- 
ment desirable. A treatment of the surface either by scrubbing 
it while green or by tooling it after it is hard, which removes 
the film of mortar and brings the aggregates of the concrete into 
relief, is frequently used to remove the form markings, break the 
monotonous appearance of the surface, and make it more pleas- 
ing. The plastering of surfaces should be avoided, for even if 
‘arefully done, it is likely to peel off under the action of frost or 
temperature changes. 


VIL. Desten. 


1. MASSIVE CONCRETE. 


In the design of massive or plain concrete, no account should 
be taken of the tensile strength of the material, and sections 
should usually be proportioned so as to avoid tensile stresses 
except in slight amounts to resist indirect stresses. This will 
generally be accomplished, in the case of rectangular shapes, if 
the line of pressure is kept within the middle third of the see- 
tion, but in very large structures, such as high masonry dams, a 
more exact analysis may be required. Structures of massive con- 
crete are able to resist unbalanced lateral forces by reason of 
their weight; hence the element of weight rather than strength 
often determines the design. A relatively cheap and weak 
concrete, therefore, will often be suitable for massive concrete 
structures. 

It is desirable generally to provide joints at intervals to 
localize the effect of contraction. 

Massive concrete is suitable for dams, retaining walls, and 
piers and short columns in which the ratio of length to least 
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width is relatively small. Under ordinary conditions this ratio 
should not exceed six. It is also suitable for arches of moderate 
span, where the conditions as to foundations are favorable. 


2. REINFORCED CONCRETE. 


By the use of metal reinforcement to resist the principal 
tensile stresses, concrete becomes available for general use in a 
great variety of structures and structural forms. This combina- 
tion of concrete and metal is particularly advantageous in the 
beam where both compression and tension exist; it is also advan- 
tageous in the column where the main stresses are compressive, 
but where cross-bending may exist. The theory of design, there- 
fore, will relate mainly to the analysis of beams and columns. 


3. GENERAL ASSUMPTIONS. 
(a) Loads.—The loads or forces to be resisted consist of: 


1. The dead load, which includes the weight of the struc- 
ture and fixed loads and forces. 


2. The live load or the loads and forces which are vari- 
able. The dynamic effect of the live load will often 
require consideration. Any allowance for the dy- 
namic effect is preferably taken into account by add- 
ing the desired amount to the live load or to the live 
load stresses. The working stresses hereinafter rec- 

; ommended are intended to apply to the equivalent 
static stresses thus determined. 
In the case of high buildings the live load cn 
columns may be reduced in accordance with the 
usual practice. 


(b) Lengths of Beams and Columns.—The span length for 
beams and slabs shall be taken as the distance from center to 
center of supports, but need not be taken to exceed the clear 
span plus the depth of beam or slab. Brackets shall not be con- 
sidered as reducing the clear span in the sense here intended. 

The length of columns shall be taken as the maximum 
unsupported length. 

(c) Internal Stresses.—As a basis for calculations relating to 
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the strength of structures, the following assumptions are recom- 
mended: 


1. Calculations will be made with reference to working 
stresses and safe loads rather than with reference to 
ultimate strength and ultimate loads. 

2. A plane section before bending remains plane after 
bending. 

3. The modulus of elasticity of concrete in compression 
within the usual limits of working stresses, is con- 
stant. The distribution of compressive stresses in 
beams therefore is rectilinear. 

In calculating the moment of resistance of beams the 
tensile stresses in the concrete are neglected. 

5. Perfect adhesion is assumed between concrete and rein- 
forcement. Under compressive stresses the two 
materials are therefore stressed in proportion to their 
moduli of elasticity. 

6. The ratio of the modulus of elasticity of steel to the 
modulus of elasticity of concrete is taken at 15 
except as modified in Chapter VIII, Section 8. 

7. Initial stress in the reinforcement due to contraction or 
expansion in the concrete is neglected. 


It is recognized that some of the assumptions given herein 
are not entirely borne out by experimental data. They are given 
in the interest of simplicity and uniformity, and variations from 
exact conditions are taken into account in the selection of formulas 
and working stresses. 

The deflection of beams is affected by the tensile strength 
developed throughout the length of the beam. For calculations 
of deflections a value of 8 for the ratio of the moduli will give 
results corresponding approximately with the actual conditions. 


4. 'T-BEAMS. 


In beam and slab construction, an effective bond should be pro- 
vided at the junction of the beam and slab. When the principal 
slab reinforcement is parallel to the beam, transverse reinforcement 
should be used extending over the beam and well into the slab. 
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Where adequate bond and shearing resistance between slab 
and web of beam is provided, the slab may be considered as an 
integral part of the beam, but its effective width shall be deter- 
mined by the following rules: 


(a) It shall not exceed one-fourth of the span length of 
the beam; 

(b) Its overhanging width on either side of the web shall 
not exceed four times the thickness of the slab. 


In the design of T-beams acting as continuous beams, due 
consideration should be given to the compressive stresses at the 
support. 

Beams in which the T-form is used only for the purpose of 
providing additional compression area of concrete should prefer- 
ably have a width of flange not more than three times the width 
of the stem and a thickness of flange not less than one-third of 
the depth of the beam. Both in this form and in the beam and 
slab form the web stresses and the limitations in placing and 
spacing the longitudinal reinforcement will p:obably be controlling 
factors in design. 


5. FLOOR SLABS. 


Floor slabs should be designed and reinforced as continuous 
over the supports. If the length of the slab exceeds 1.5 times its 
width the entire load should be carried by transverse reinforce- 
ment. Square slabs may well be reinforced in both directions.' 


1 The exact distribution of load on square and rectangular slabs, supported on four sides 
and reinforced in both directions cannot readily be determined. The following method of 
calculation is recognized to be faulty, but it is offered as a tentative method which will give 
results on the safe side. ' The distribution of load is first to be determined by the formula 


+ b! 

in. which r=proportion of load carried by the transverse reinforcement, 1=length and b= 
breadth of slab. For various ratio of 1/b the values of r are as follows: 

1/b r 
1 
1 
1 
1 
1 


1.5 
Using the values above specified each set of reinforcement is to be calculated in the same 
manner as slabs having supports on two sides only, but the total amount of reinforcement 
thus determined may be reduced 25 per cent, by gradually increasing the rod spacing from 
the third point to the edge of the slab. 
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The continuous flat slab with multiple-way reinforcement 
is a type of construction used quite extensively, which has recog- 
nized advantages for special conditions, as in the case of ware- 
houses with large, open floor space. At present a considerable 
difference of opinion exists among engineers as to the formulas 
and constants which should be used, but experience and tests 
are accumulating data which it is hoped will in the near future 
permit the formulation of the principles of design for this form 
of construction. 

The loads carried to beams by slabs which are reinforced 
in two directions will not be uniformly distributed to the sup- 
porting beam and its distribution will depend on the relative 
stiffness of the slab and the supporting beam. The distribution 
under ordinary conditions of construction may be expected to 
be. that in which the load on the beam varies in accordance 
with the ordinates of a parabola having its vertex at the middle 
of the span. For any given design, the probable distribution 
should be ascertained and the mcments in the beam calculated 
accordingly. 


6. CONTINUOUS BEAMS AND SLABS. 


When the beam or slab is continuous over its supports, 
reinforcement should be fully provided at points of negative 
moment, and the stresses in concrete recommended in Chapter 
VIII, Section 4, should not be exceeded. In computing the 
positive and negative moments in beams and slabs continuous 
over several supports, due to uniformly distributed loads, the 
following rules are recommended: 


(a) That for floor slabs the bending moments at center 
and at support be taken at = for both dead and live 
loads, where w represents the load per linear foot 
and | the span length. 

(b) That for beams the bending moment at center and 
at support for interior spans be taken at ~ and 
for ends spans it be taken at = for center and adjoin- 


ing support, for both dead and live loads. 
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(c) In the case of beams and slabs continuous for two 
spans only, the bending moment at the central sup- 
port should be taken as = and near the middle of 

wl? 
the span as 

(d) At the ends of continuous beams, the amount of 
negative moment which will be developed will depend 
on the condition cf restraint or fixedness, and this 
will depend cn the form of construction used. 
There will usually be some restraint and there is likely 
to be considerable. Provision should be made for 
the negative bending moment, but as its amount 
will depend on the form of construction the coefficient 
‘cannot be specified here and must be left to the 
judgment of the designer. ; 


For spans of unusual length, more exact calculations should 
be made. Special consideration is also required in the case of 
concentrated loads. 

Even if the center of the span is designed for a greater bending 
moment than is called for by (a) or (b), the negative moment at 
the support should not be taken as less than the values there given. 

Where beams are reinforced on the compression side, the 
steel may be assumed to carry its proportion of stress in accord- 
ance with the provisions of Chapter VII, Section 3, c-6. In 
the case of cantilever and continuous beams, tensile and com- 
pressive reinforcement over supports must extend sufficiently 
beyond the support and beyond the point of infection to develop 
the requisite bond strength. 


7. BOND STRENGTH AND SPACING OF REINFORCEMENT. 


Adequate bond strength should be provided. The formula 
hereinafter given for bond stresses in beams is for straight longi- 
tudinal bars. In beams in which a portion of the reinforcement 
is bent up near the end, the bond stress at places in both the 
straight bars and the bent bars will be considerably greater than 
for all the bars straight, and the stress at some point may be 
several times as much as that found by considering the stress to 
be uniformly distributed along the bar, In restrained and canti- 
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lever beams full tensile stress exists in the reinforcing bars at the 
point of support and the bars must be anchored in the support 
sufficiently to develop this stress. 

In case of anchorage of bars, an additional length cf bar 
must be provided beyond that found on the assumption of uni- 
form bond stress, for the reason that before the bond resistance at 
the end of the bar can be developed the bar may have begun to 
slip at another point and “running” resistance is less than the 
resistance before slip begins. 

Where high bond resistance is required, the deformed bar is 
a suitable means of supplying the necessary strength. But it 
should be recognized that even with a deformed bar initial slip 
occurs at early loads, and that the ultimate loads obtained in 
the usual tests for bond resistance may be misleading. Ade- 
quate bond strength throughout the length of a bar is prefer- 
able to end anchorage, but, as an additional safeguard, such 
anchorage may properly be used in special cases. Anchorage 
furnished by short bends at a right angle is less effective than 
hooks consisting of turns through 180 deg. 

The lateral spacing of parallel bars should not be less than 
three diameters, from center to center, nor should the distance 
from the side of the beam to the center of the nearest bar be less 
than two diameters. The clear spacing between two layers of 
bars should not be less than 1 in. The use of more than two 
layers is to be discouraged, unless the layers are tied together 
by adequate metal connections, particularly at and near points 
where bars are bent up or bent down. 


$8. DIAGONAL TENSION AND SHEAR. 


When a reinforced concrete beam is subjected to flexural 
action, diagonal tensile stresses are set up. If, in a beam not 
having web reinforcement, these stresses exceed the tensile strength 
of the concrete, failure of the beam will ensue. When web rein- 
forcement made up of stirrups or of diagonal bars secured to the 
longitudinal reinforcement, or of longitudinal reinforcing bars bent 
up at several points is used, new conditions prevail, but even in 
this case at the beginning of loading the diagonal tension developed 
is taken principally by the concrete, the deformations which are 
developed in the concrete permitting but little stress to be taken 
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by the web reinforcement. When the resistance of the concrete 
to the diagonal tension is overcome at any point in the depth of 
the beam, greater stress is at once set up in the web reinforcement. 

For homogeneous beams the analytical treatment of diagonal 
tension is not very complex—the diagonal tensile stress is a func- 
tion of the horizontal and vertical shearing stresses and of the 
horizontal tensile stress at the point considered, and as the inten- 
sity of these three stresses varies from the neutral axis to the 
remotest fiber, the intensity of the diagonal tensicn will be different 
at different points in the section and will change with different 
proportionate dimensions of length to depth of beam. For the 
composite structure of reinforced concrete beams, an analysis 
of the web stresses, and particularly of the diagonal tensile stresses, 
is very complex; and when the variations due to a change from 
no horizontal tensile stress in the concrete at remotest fiber to 
the presence of horizontal tensile stress at some point below the 
neutral axis are considered, the problem becomes more complex 
and indefinite. Under these circumstances, in designing, recourse 
is had to the use of the calculated vertical shearing stress as a 
means of comparing or measuring the diagonal tensile stresses 
developed, it being understood that the vertical shearing stress 
is not the numerical equivalent of the diagonal tensile stress and 
even that there is not a constant ratio between them. It is here 
recommended that the maximum vertical shearing stress in a 
section be used as the means of comparison of the resistance 
to diagonal tensile stress developed in the concrete in beams not 
having web reinforcement. 

Even after the concrete has reached its limit of resistance 
to diagonal tension, if the beam has web reinforcement, conditions 
of beam action will continue to prevail at least through the com- 
pression area, and the web reinforcement will be called on 
to resist only a part of the web stresses. From experiments 
with beams it is concluded that it is safe practice to use only 
two-thirds of the external vertical shear in making calculations 
of the stresses that come cn stirrups, diagonal web pieces, and 
bent-up bars, and it is here recommended for calculations in 
designing that two-thirds of the external vertical shear be taken 
as producing stresses in web reinforcement. 

Experiments bearing on the design of details of web rein- 
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forcement are not yet complete enough to allow more than gen- 
eral and tentative recommendations to be made. It is well 
established, however, that vertical members attached to or looped 
about horizontal members, inclined members secured to _hori- 
zontal members in such a way as to insure against slip, and the 
bending of a part of the longitudinal reinforcement at an angle, 
will increase the strength of a beam against failure by diagonal 
tension, and that a well-designed and well-distributed web rein- 
forcement may under the best conditions increase the total verti- 
‘al shear carried to a value as much as three times that obtained 
when the bars are all horizontal and no web reinforcement. is 
used. Where vertical stirrups are used without being secured 
to the longitudinal reinforcement, the force transmitted between 
longitudinal bar and stirrup must not be greater than can be 
taken through the concrete, and care must be taken to provide 
for the larger bond stress developed in the longitudinal bars 
with this construction than exists in the absence of stirrups. 
Sufficient bond resistance between the concrete and the stirrups 
or diagonals must be provided. Where the longitudinal bars 
are bent up, the points of bending of the several bars should be 
distributed along a portion of the length of the beam in such a 
way as to give efficient web reinforcement over the portion of 
the length of the beam in which it is needed. The higher resist- 
ance to diagonal tension failures given by unit frames having 
the stirrups and bent-up bars securely connected together both 
longitudinally and laterally is worthy of recognition. It is neces- 
sary that a limit be placed on the amount of shear which may 
be allowed in a beam; for when web reinforcement sufficiently 
efficient to give very high web resistance is used, at the higher 
stresses the concrete in the beam becomes checked and cracked 
in such a way as to endanger its durability as well as its strength. 

The section to be taken as the critical section in the calcula- 
tion of shearing stresses will generally be the one having the 
maximum vertical shear, though experiments show that the 
section at which diagonal tension failures occur is not just at a 
support even though the shear at the latter point be much greater. 

The longitudinal spacing of stirrups or diagonal members 
or the distribution of the points of bending of adjacent bent-up 
bars should not exceed three-fourths the depth of the beam, 
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It is important that adequate bond strength or anchorage 
be provided to develop fully the assumed strength of all web 
reinforcement. 

It should be noted that it is on the tension side of a beam 
that diagonal tension develops in a critical way, and that the 
proper connection must always be made between stirrups or 
other web reinforcement and the longitudinal tension reinforee- 
ment, whether the latter is on the lower side of the beam or on 
its upper side. Where negative moment exists, as is the case 
near the supports in a continuous beam, web reinforcement to 
be effective must be looped over or wrapped around or be con- 
nected with the longitudinal tension reinforcing bars at the top 
of the beam in the same way as is necessary at the bottom of the 
beam at sections where the bending moment is positive and the 
tension reinforcing bars are at the bottom of the beam. 

Inasmuch as the smaller the longitudinal deformations in 
the horizontal reinforcement are, the less the tendency for the 
formation of diagonal cracks, a beam will be strengthened against 
diagonal tension failure by so arranging and proportioning the 
horizontal reinforcement that the unit stresses at points of large 
shear shall be relatively low. 

Where pure shearing stress occurs, or shearing stress com- 
bined with but a small amount of tensile stress in the concrete, 
as when a concentrated load rests on a slab or other forms of 
punching shear are produced, or in the case of compression pieces, 
the element of tension will not need consideration, and the 
permissible limit of the shearing stress: will be higher than the 
allowable limit when this stress is used as a means of comparing 
diagonal tensile stress. The working values recommended are 
given in Chapter VIII, Working Stresses. 


9. COLUMNS. 


By columns are meant compression members of which the 
ratio of unsupported length to least width exceeds about six, and 
which are provided with reinforcement of one of the forms here- 
after described. 

It is recommended that the ratio of unsupported length of 
column to its least width be limited to 15. 

The effective area of the column shall be taken as the area 
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within the protective covering, as defined-.an Chapter VI, Section 
3, or in the case of hooped columns or columns reinforced with 
structural shapes it shall be taken as the area within the hooping 
or structural shapes. 

Columns may be reinforced by longitudinal bars, by bands, 
hoops, or spirals, together with longitudinal bars, or by struc- 
tural forms which in themselves are sufficiently rigid to act as 
columns. The general effect of closely spaced hooping is greatly 
to increase the “toughness” of the column and its ultimate 
strength, but hooping has little effect on its behavior within 
the limit of elasticity. It thus renders the concrete a safer and 
more reliable material and should permit the use of a some- 
what higher working stress. The beneficial effects of “toughen- 
ing” are adequviely provided by a moderate amount of hooping, 
a larger amount serving mainly to increase the ultimate strength 
and the possible deformation before ultimate failure. 

Composite columns of structural steel and concrete in which 
the steel forms a column by itself should be designed with caution. 
To classify this type as a concrete column reinforced with struc- 
tural steel is hardly permissible, as the steel will generally take 
the greater part of the load. When this type of column is 
used the concrete should not be relied on to tie the steel units 
together or to transmit stresses from one unit to another. The 
units should be adequately tied together by tie plates or lat- 
tice bars, which, together with other details, such as splices, ete., 
should be designed in conformity with standard practice for 
structural steel. The concrete may -exert a beneficial effect in 
restraining the steel from lateral deflection and also in increas- 
ing the carrying capacity of the column. The proportion of 
load to be carried by the concrete will depend on the form of 
the column and the method of construction. Generally for high 
percentages of steel the concrete will develop relatively low unit- 
stresses, and caution should be used in placing dependence on 
the concrete. 

The following recommendations are made for the relative 
working stresses in the concrete for the several types of columns: 


(a) Columns with longitudinal reinforcement only, to 
the extent of not less than 1 per cent and not more 
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than 4 per cent of the unit stress recommended for 
axial compression in Chapter VIII, Section 3. 

(b) Columns with reinforcement of bands, hoops or spi- 
rals hereinafter specified, stresses 20 per cent higher 
than given for (a), provided the ratio of unsupported 
length of column to diameter of the hooped core is 
not more than 8. 

(c) Columns reinforced with not less than 1 per cent 
and not more than 4 per cent of longitudinal bars 
and with bands, hoops or spirals, as hereinafter speci- 
fied; stresses 45 per cent higher than given for (a), 
provided the ratio of unsupported length of column 
to diameter of the hooped core is not more than 8. 


The foregoing recommendations are based on the follow- 
ing conditions: 

In all cases longitudinal reinforcement is assumed to carry 
its proportion of stress in accordance with Section 3. The hoops 
or bands are not to be counted on directly as adding to the 
strength of the column. 

Bars composing lon zitudinal reinforcement shall be straight 
and shall have sufficient lateral support to be securely held in 
place until the concrete nas set. 

Where hooping is used, the total amount of such reinforce- 
ment shall be not less than 1 per cent of the volume of the column, 
enclosed. The clear spacing of such hooping shall be not greater 
than one-sixth the diameter of the enclosed column and prefer- 
ably not greater than one-tenth, and in no case more than 23 
in. Hooping is to be circular and the ends of bands must be 
united in such a way as to develop their full strength. Adequate 
means must be provided to hold bands or hoops in place so as to 
form a column, the core of which shall be straight and well cen- 
tered. The strength of hooped columns depends very much upon 
the ratio of length to diameter of hooped core, and the strength 
due to hooping decreases rapidly as this ratio increases beyond 
five. The working stresses recommended are for hooped columns 
with a length of not more than eight diameters of the hooped core. 

Bending stresses due to eccentric loads and lateral forces 
must be provided for by increasing the section until the maxi- 
mum stress does not exceed the values above specified; and 
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where tension is possible in the longitudinal bars adequate con- 
nection between the ends of the bars must be provided to take 
this tension. 


10. REINFORCING FOR SHRINKAGE AND TEMPERATURE STRESSES. 


When areas of concrete too large to expand and contract 
freely as a whole are exposed to atmospheric conditions, the 
changes of form due to shrinkage (resulting from hardening) 
and to action of temperature are such that cracks may occur 
in the mass, unless precautions are taken to distribute the 
stresses so as to prevent the cracks altogether or to render them 
very small. The distance apart of the cracks, and conse- 
quently their size, will be directly proportional to the diameter 
of the reinforcement and to the tensile strength of the concrete, 
and inversely proportional to the percentage of reinforcement and 
also to its bond resistance per unit of surface area. To be most 
effective, therefore, reinforcement (in amount generally not less 
than one-third of one per cent) of a form which will develop a 
high bond resistance should be placed near the exposed surface 
and be well distributed. The allowable size and spacing of cracks 
depends on various considerations, such as the necessity for 
water-tightness, the importance of appearance of the surface, 
and the atmospheric changes. 


Workina Srresses. 
1. GENERAL ASSUMPTIONS. 

The following working stresses are recommended for static 
loads. Proper allowances for vibration and impact are to be 
added to live loads where necessaryeto produce an equivalent 
static load before applying the unit stresses in proportioning parts. 

In selecting the permissible working stress to be allowed on 
concrete, we should be guided by the working stresses usually 
allowed for other materials of construction, so that all structures 
of the same class but composed of different materials may have 
approximately the same degree of safety. 

The following recommendations as to allowable stresses are 
given in the form of percentages of the ultimate strength of the 
particular concrete which is to be used; this ultimate strength is 
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to be that developed in cylinders 8 in. in diameter and 16 in. 
long, of the consistency described in Chapter IV, Section 2 (a), 
made and stored under laboratory conditions, at an age of 28 
days. In the absence of definite knowledge in advance of con- 
struction as to just what strength may be expected, the Com- 
mittee submits the following values as those which should be 
obtained with materials and workmanship in accordance with the 
recommendations of this report. 

Although occasional tests may show higher results than those 
here given, the Committee recommends that these values should 
be the maximum used in design. 


TABLE OF STRENGTHS OF DIFFERENT MIXTURES OF CONCRETE. 
(In Pounds per Square Inch.) 


Aggregate 1:2:4 1:24:5 1:3:6 

Granite, trap rock.............. 3300 2800 2200 1800 1400 
Gravel, hard limestone and hard . 

Soft limestone and sandstone. ... 2200 1800 1500 1200 1000 


Note.—For variations in the moduli of elasticity see Chapter VIII, 
Section 8. 


2. BEARING. 


When compression is applied to a surface of concrete of 
at least twice the loaded area, a stress of 32.5 per cent of the 
compressive strength may be allowed. 


3. AXIAL COMPRESSION. 


For concentric compression on a plain concrete column or 
pier, the length of which does not exceed 12 diameters, 22.5 per 
cent of the compressive strength may be allowed. 

For other forms of columns the stresses obtained from the 
ratios given in Chapter VII, Section 9, may govern. 


4. COMPRESSION IN EXTREME FIBER. 


The extreme fiber stress of a beam, calculated on the assump- 
tion of a constant modulus of elasticity for concrete under working 
stresses may be allowed to reach 32.5 per cent of the compressive 
strength. Adjacent to the support of continuous beams stresses 
15 per cent higher may be used. 
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5. SHEAR AND DIAGONAL TENSION. 


In calculations on beams in which the maximum shearing 
stress in a section is used as the means of measuring the resist- 
ance to diagonal tension stress, the following allowable values 
for the maximum vertical shearing stress are recommended: 

(a) For beams with horizontal bars only and without web 
reinforcement calculated by the method given in the Appendix, 
Formula (22), 2 per cent of the compressive strength. 

(b) For beams thoroughly reinforced with web reinforce- 
ment, the value of the shearing stress calculated as for (a) (that is, 
using the total external vertical shear in the Formula (22) for 
shearing unit stress) must not exceed 6 per cent of the compressive 
strength. The web reinforcement, exclusive of bent-up bars, 
in this case shall be proportioned to resist two-thirds of the external 
vertical shear in the formulas given in the Appendix, Formula 
(24) or (25). 

(c) For beams in which part of the longitudinal reinforce- 
ment is used in the form of bent-up bars distributed over a portion 
of the beam in a way covering the requirements for this type of 
web reinforcement, the limit of maximum vertical shearing stress 
(the stress calculated as for (a) ), 3 per cent of the compressive 
strength. 

(d) Where punching shear occurs, that is, shearing stress 
uncombined with compression normal to the shearing surface, 
and with all tension normal to the shearing plane provided for by 
reinforcement, a shearing stress of 6 per cent of the compressive 
strength may be allowed. 


6. BOND. 


The bond stress between concrete and plain reinforcing 
bars may be assumed at 4 per cent of the compressive strength, 
or 2 per cent in the case of drawn wire. 


7. REINFORCEMENT. 


The tensile or compressive stress in steel should not exceed 
16,000 lb. per sq. in. 

In structural steel members the working stresses adopted by 
the American Railway Engineering Association are recommended. 
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8. MODULUS OF ELASTICITY. 


The value of the modulus of elasticity of concrete has a wide 
range, depending on the materials used, the age, the range of 
stresses between which it is considered, as well as other con- 
ditions. It is recommended that in computations for the posi- 
tion of the neutral axis and for the resisting moment of beams 
and for compression of concrete in columns it be assumed as: 


(a) One-fifteenth that of steel, when the strength of the 
concrete is taken as 2200 lb. per sq. in. or less. 

(b) One-twelfth that of steel, when the strength Ji the 
concrete is taken as greater than 2200 lb. per sq. in. 
or less than 2900 lb. per sq. in., and 

(c) One-tenth that of steel, when the strength of the 
concrete is taken as greater than 2900 lb. per sq. in. 


Although not rigorously accurate, these assumptions will give 
safe results. For the deflection of beams which are free to move 
longitudinally at the supports, in using formulas for deflection 
which do not take into account the tensile strength developed in the 
concrete, a modulus of one-eighth of that of steel is recommended. 


Respectfully submitted, 
J. R. WorcrstTer, 
Chairman. 
Ricuarp L. HuMpPuHRey, EmiL SWENSSON, 
Secretary. Vice-Chairman. 
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IX. 


I. STANDARD SPECIFICATIONS. 


(a) Cement.! 


(b) Metal Reinforcement.” 


6. Steel shall be made by the open-hearth process. Rerolled 
material will not be accepted. 

7. Plates and shapes used for reinforcement shall be of 
structural steel only. Bars and wire may be structural steel 
or high-carbon steel. 

8. The chemical and physical properties shall conform to 
the following limits: 


| 
Elements Considered. Structural Steel. | High- -Carbon Steel. 
{ Basic. 0.04 per cent. | 0.04 per cent. 
Phosphorus, maximum. \ Acid.. 0.06 | 0.06 
ltimate tensile strength. Desired sired Desired 
1,500,000* 1,009,000 


Elong. min. per cent. in 8 ins., Fig. 1........ 
Ult. tensilestrength Ult. tensile strength 
Silky or finely 
Character of Silky granular 
Cold Bends without Fracture..................... 180° flatt 180° d=4tt 


*See Paragraph 15. Paragraphs 16 and 17. ‘titd= signifies “around a pin 
whose diameter is four times the thickness of the specimen.’ 


9. The yield point for bars and wire, as indicated by the 
drop of the beam, shall be not less than 60 per cent of the ulti- 
mate tensile strength. 

10. If the ultimate strength varies more than 4000 lb. for 
structural steel or 6000 Ib. for high-carbon steel, a retest shall 
be made on the same gage, which, to be acceptable, shall be 
within 5000 Ib. for structural steel, or 8000 lb. for high-carbon 
steel, of the desired ultimate. 

11. Chemical determinations of the percentages of carbon, 


! Adopted August 16, 1909, by the American Society for Testing Materials. See Year- 
Book for 1913, pp. 254-258. 
2 Adopted March 16, 1910, by the American Railway Engineering Association. 
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phosphorus, sulphur and manganese shall be made by the manu- 
facturer from a test ingot taken at the time of the pouring of 
each melt of steel, and a correct copy of such analysis shall be 
furnished to the engineer or his inspector. Check analyses shall 
be made from finished material, if called for, in which case an 
excess of 25 per cent above the required limit will be allowed. 

12. Plates, Shapes and Bare.—Specimens for tensile and 
bending tests for plates and shapes shall be made by cutting 
coupons from the finished product, which shall have both faces 
rolled and both edges milled to the form shown by Fig. 1; or 
with both edges parallel; or they may be turned to a diameter of 
3 in. with enlarged ends. 

13. Bars shall be tested in their finished form. 
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& ._ Parallel section not less than 9”, 
prAbout-3" 
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14. At least one tensile and one bending test shall be made 
from each melt of steel as rolled, In case steel differing 2-in. 
and more in thickness is rolled from one melt, a test shall be 
made from the thickest and thinnest material rolled. 

15. For material less than 7s in. and more than 3 in. in 
thickness, the following modifications will be allowed in the 
requirements for elongation: 


(a) For each 7g in. in thickness below 7’s in. a deduc- 
tion of 2.5 will be allowed from the specified percentage. 

(b) For each 3 in. in thickness above ? in., a deduc- 
tion of 1 will be allowed from the specified percentage. 


16. Bending tests may be made by pressure or by blows. 
Shapes and bars less than 1 in. thick shall bend as called for 
in Paragraph 8. 

17. Test specimens 1 in. thick and over shall bend cold 
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180 deg. around a pin, the diameter of which, for structural steel, 
is twice the thickness of the specimen, and for high-carbon steel, 
is six times the thickness of the specimen, without fracture on 
the outside of the bend. 

18. Finished material shall be free from injurious seams, 
flaws, cracks, defective edges or other defects, and have a smooth, 
uniform and workmanlike finish. 

19. Every finished piece of steel shall have the melt number 
and the name of the manufacturer stamped or rolled upon it, 
except that bar steel and other small parts may be bundled with 
the above marks on an attached metal tag. 

20. Material which, subsequent to the above tests at the 
mills and its acceptance there, develops weak spots, brittleness, 
cracks or other imperfections, or is found to have injurious defects, 
will be rejected and shall be replaced by the manufacturer at his 
own cost. 

21. All reinforcing steel shall be free from excessive rust, 
loose scale, or other coatings of any character which would 
reduce or destroy the bond. 


2. SUGGESTED FORMULAS FOR REINFORCED CON- 
CRETE CONSTRUCTION. 


These formulas are based on the assumptions and principles 
given in the chapter on design. 


(a) Standard Notation. 
1. Rectangular Beams. 
The following notation is recommended: 


= tensile unit stress in steel. 

= compressive unit stress in concrete. 

modulus of elasticity of steel. 

= modulus of elasticity of concrete. 

E, 

Ee 

= moment of resistance, or bending moment in general. 
steel area. 
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breadth of beam. 


d = depth of beam to center of steel. 
k = ratio of depth of neutral axis to effective depth d. 
z = depth of resultant compression below top. 
j = ratio of lever arm of resisting couple to depth d. 
jd = d—z = arm of resisting couple. 
p = steel ratio (not percentage). 
2. T-Beams. 
b = width of flange. 
b’ = width of stem. 
t = thickness of flange. 


3. Beams Reinforced for Compression. 


A’ = area of compressive steel. 

’ = steel ratio for compressive steel. 
compressive unit stress in steel. 
C = total compressive stress in concrete. 
C’ = total compressive stress in steel. 
d’ depth to center of compressive steel. 
z = depth to resultant of C and C’. 


p 


4. Shear and Bond. 


V_ = total shear. 

= shearing unit stress. 

bond stress per unit area of bar. 
= circumference or perimeter of bar. 
sum of the perimeters of all bars. 


< 


Mc 
Il 


A = total net area. 

A, = area of longitudinal steel. 
A 

P 


area of concrete. 
= total safe load. 
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(b) Formulas. 
1. Rectangular Beams. 


----f----- 
Fic. 2. 
Position of neutral axis, 


2pn +(pn)?—pn. 


(1) 
Arm of resisting couple, 
1 
j=1- 3 k. (2) 
|For f,= 15000 to 16000 and f, =690 to 650, k may be taken at j.] 
Fiber stresses, 
Ajd ~ (3) 
2M _ 2pf, 
°=jkbd? jk (4) 
Steel ratio, for balanced reinforcement, 
1 
= i -— —_— 
Pp (5) 
fe nfe + 1 
2. T-Beams. 
Ls 
it 
4 
eco 
— 
Fic. 3. 
Case I. When the neutral axis lies in the flange, use the 
formulas for rectangular beams. 
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Case II. When the neutral axis lies in the stem. 


The following formulas neglect the compression in the stem. 
Position of neutral axis, 


2ndA +bt? 
d=“onA+2bt (6) 


Position of resultant compression, 


= 3kd—2t_ t_ 
3° (7) 


Arm of resisting couple, 


jd=d—z. (8) 
Fiber stresses, 
M 
fs = “Ajd (9) 
— 
bi(kd—}t)jd 1—k* (10) 


(For approximate results the formulas for rectangular beams 


may be used.) 


The following formulas take into account the compression in 


the stem; they are recommended where the flange is small com- 
pared with the stem: 


Position of neutral axis, 


( nA+(b—b’)t y _ nA+-(b—b’)t 
\ 


b’ b’ b’ ° (11) 


Position of resultant compression, 


(kat? — +[(kd —t)? (kd —t) 
t(2kd —t)b+(kd —t)?b’ ( 


Arm of resisting couple, 


jd =d—z. (13) 
Fiber stresses, 
_M 
(14) 
f 2Mkd 


[(2kd —t)bt + (kd —t)®b’}jd° (15) 
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3. Beams Reinforced for Compression. 


| 
| 
He 
| 


Fic. 4 


Position of neutral axis, 


k= 2n +n*(p +p’)? —n(p+p’). 


Position of resultant compression, 


k2-+2p’n ( k— 


Arm of resisting couple, 
jd =d—z. 


Z= 


Fiber stresses, 


4. Shear, Bond and Web Reinforcement. 


(16) 


(17) 


(18) 


(19) 


(20) 


(21) 


In the following formulas Zo refers only to the bars consti- 


tuting the tension reinforcement at the section in question and 
jd is the lever arm of the resisting couple at the section, 
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For rectangular beams, 


v= (22) 
So" (23) 


|For approximate results j may be taken at 7.] 
The stresses in web reinforcement may be estimated by 
means of the following formulas: 
Vertical web reinforcement, 
Vs 


P= (24) 
Web reinforcement inclined at 45° (not bent-up bars). 
Vs 
P=0.7 (25) 


in which P = stress in single reinforcing member, V = amount 
of total shear assumed as carried by the reinforcement, and s = 
horizontal spacing of the reinforcing members. 

The same formulas apply to beams reinforced for compression 
as regards shear and bond stress for tensile steel. 

For T-Beams, 


V 
v= (26) 
Vv 
@n 


[For approximate results ] may be taken at {.] 


5. Columns. 
Total safe load, 


P=f,(A,+nA,) =f,A(1+(n—1)p). (28) 
Unit stresses, 
P 
(29) 
f, =nf,. (30) 
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REPORT OF COMMITTEE C-3 
ON 
STANDARD SPECIFICATIONS FOR BRICK. 


At the twelfth annual meeting of the Society in 1909 this 
committee, designated at that time as Committee D, submitted 
a report including some suggested specifications which were 
offered for use but not intended, at the time, for adoption. The 
lack of accurate knowledge regarding the properties of brick, 
the methods of testing them, the relations existing between 
the properties which could be measured and their influence in 
the finished structure, compelled the committee to refrain 
from any definite recommendations. This condition has con- 
tinued during the succeeding years and little progress has been 
made. In 1911 the committee was considerably enlarged and 
organized into two sub-committees, one on building brick, the 
other on paving brick. A program outlining a series of investi- 
gations was formulated and has, through the cooperation of 
some of the manufacturers and testing laboratories, progressed 
sufficiently to yield some reliable results. It is hoped that during 
the coming year a greater number of laboratories may become 
interested and assist in the collection of much needed data. 

The University engineering laboratories and the labora- 
tories of large companies have during the past twenty years 
devoted a large amount of energy and money to the investi- 
gation of steel and steel products; the new and attractive 
alloys; cement and cement products; and built-up members 
involving these materials in their construction. Comparatively 
little attention has been paid to structural clay products. 

Brick, the most extensively used structural material in 
the country, and ceramic materials such as hollow tile, terra 
cotta, fireproofing and the mortars used with them, form one 
of the most fertile fields for engineering investigation. 
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BUILDING BRIcK. 


In the preparation of the appended proposed standard speci- 
fications for Building Brick, the committee has felt that its chief 
aim should be to provide methods for contractual testing rather 


- than for the purposes of investigations. 


The numerical requirements included in the suggested 
specifications are therefore limited to those properties upon 
which the committee has at the present time sufficient infor- 
mation to enable it to indicate reasonable values. The trans- 


A = Cast-Iron Wedges, C= Soft Wood Block; D= Cold-Rolled Steel Plates. 
Fie. 1. 


verse test and the numerical values for the compressive strength 
after freezing and thawing have been omitted for the lack of 
sufficient data. The committee recognizes the value of these 
tests and expects to obtain information on them during the 
next year. 

As a comparative test between different kinds of brick, the 
transverse test may be considered as a modified tension test 
to determine the cohesion of the materials and to form a valu- 
able estimate of their relative resistance to transverse action 
in a structure when subject to uneven bearing, settling and 
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temperature changes. It also assists in the determination of 
the effect of various kinds of lamination. For the purpose of 
making comparative tests and for the proposed investigations 
of the committee, the following methods are suggested: 
Transverse Test.—At least five bricks shall be tested, laid 
flatwise with a span of 7 in., and with the load applied at mid- 
span. The knife edges shall be slightly curved in the direction 
of their length. Steel bearing plates, about } in. thick by 1} in. 
wide may be placed between the knife edges and the brick. 
The use of a wooden base block, slightly rounded transversely 


A, B= Cast-Iron Wedges; C= Soft Wood Block; 
DE, F = Cold-Rolled Steel. 


Fic. 2 


across its top, upon which to rest the lower knife edges (see 
Fig. 1), or the form of lower knife edge shown in Fig. 2, is 
recommended. If the knife edges shown in Fig. 2 are used, 
they should rest upon smooth plane blocks of wood at least 
2 in. thick. The modulus of rupture shall be obtained by the 
following formula: 
R= 3We 
2bd? 


in which e is the distance between supports in inches, 0 is the 
breadth and d the depth of the brick in inches, and W is the 
load in pounds at which the brick failed. 
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There can be no question of the far-reaching value of the 
freezing test, since information of this nature referring to all 
of stone-like building materials is urgently needed. 

If the freezing test is desired the committee suggests the 
following method: 

Freezing Test.—At least five bricks shall be dried as speci- 
fied under ‘‘Sampling” below, weighed, and immersed in water 
which shall be raised to boiling in not less than 30 minutes, 
boiled for 30 minutes, and allowed to cool to between 60° and 
80° F. The specimens shall be immersed in water below 40° F. 
for not less than one hour, then transferred to the refrigerator 
and supported in such a manner that all sides are exposed. 
They shall be subjected to a temperature not above 20° F. 
for at least 4 hours, then removed and placed in water at a tem- 
perature between 60° and 80° F. and raised to boiling. The 
freezing and thawing operation shall be repeated twenty times, 
after which the bricks shall be dried as before and weighed. 
The condition of the bricks shall be noted before and during the 
test and all visible changes recorded. If it is desired to express 
the loss of weight in percentage, it shall be computed upon the 
dry weight. 

Classification —In attempting to establish values in the 
“Requirements,” the committee has been confronted with the 
difficulty of not only having to meet the numerous uses of brick, 
but the wide divergence in various parts of the country on 
account of the different natural materials available for manu- 
facture. The difficulty has been overcome by forming a classi- 
fication which it is believed will meet these conditions. 


PAVING BRICK. 


Proposed Standard Specifications for Paving Brick have 
been drawn up by the Sub-Committee on Paving Brick, under 
the chairmanship of Mr. Edward Orton, Jr., and are appended 
to this report. 


A. V. BLEININGER, 
D. E. Dourty, Chairman. 
Secretary. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


PROPOSED STANDARD SPECIFICATIONS 
FOR 
BUILDING BRICK. 


Sampling.—For the purpose of tests, brick shall be selected 
to represent the commercial product by an experienced person 
agreed upon by the parties to the contract. All brick shall 
be carefully examined and their condition noted before being 
subjected to any kind of test. 

For the purpose of the tests ten bricks will be required, 
which shall be thoroughly dried to constant weight in a suit- 
able oven at a temperature of from 225° F. (107° C.) to 250° F. 
(121° C.). 

Compression Test.—Compression tests shall be made on 
at least five half-bricks each taken from a different brick. The 
half-brick shall be prepared either by sawing or by breaking 
upon a yielding bed with a sharp mason’s chisel which shall 
be the full width of the brick. To secure a uniform bearing 
in the testing machine they shall be bedded in a thin coat of 
plaster of Paris, spread upon a plate glass surface coated with 
a thin layer of oil. The brick shall be pressed firmly upon the 
surface, making the layer as thin as possible, and remain un- 
disturbed until set. Before applying the plaster of Paris, the 
bearing surface of the brick shall receive a coat of shellac. 

Recessed or paneled brick should be brought to full bear- 
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ing surface by filling the depression with neat Portland cement 
mortar, which shall stand at least 24 hours before the plaster of 
Paris is applied. 

The machine used for the compression test shall be equipped 
with a spherical bearing block kept thoroughly lubricated to 
insure accurate adjustment, and the adjustment should be made 
by hand under a small initial load. During the test the beam 
of the testing machine shall be kept constantly in a floating 
position. The breaking load shall be divided by the area in 
compression and the results reported in pounds per square inch. 

Absorption.—At least five dry bricks shall be weighed and 
completely submerged in water at a temperature between 
60° and 80° F., the water heated to boiling within one hour, 
boiled continuously for 4 hours, then allowed to cool in the 
water to a temperature between 60° and 80° F. 

They should then be removed, the surface water wiped 
off with a cloth and the brick quickly weighed. The percent- 
age of absorption shall be computed on the dry weight. 


REQUIREMENTS. 
Class A.—Vitrified Brick. 
Average compressive strength............ not less than 5000 Ib. per sq. in. 
Minimum compressive strength, of any 
not more than 5 per cent 


Class B.—Hard-Burned Brick. 


Average compressive strength............ not less than 3500 Ib. per sq. in. 
Minimum compressive strength of any 

specimen in the not lessthan 3000 “ 
Average absorption................... nct more than 12 per cent 


If subjected to the freezing test, they shall not show crack- 
ing or serious spalling in any of the bricks tested or serious 
disintegration of the material. 


Class C.—Common Brick, First. 


Av-rage compressive strength............ not less than 2000 Ib. per sq. in. 
Minimum compressive strength of any 
specimen in the test................. not lessthan 1800 “ 


Average absorption .........cccccse05- not more than 18 per cent 
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If subjected to the freezing test, they shall not show crack- 
ing or serious spalling in any of the bricks tested or serious 
disintegration of the material. 


Class D.—Common Brick, Second. 


(These bricks to be used only for backing-up and for inte- 
rior walls involving small loads.) 


Average compressive strength............ not less than 1500 Ib. per sq. in 
Minimum compressive strength of any 
epecimen in the test... not less than 1200 “ 
Miscellaneous. 


Any brick other than clay brick may be included in Classes 
A, B and C, provided they meet the specified requirements; 
and when the freezing test is required, it shall not show cracking 
or serious spalling in any of the bricks tested or serious dis- 
integration of the material. 


. 


AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


PROPOSED STANDARD SPECIFICATIONS 
FOR 
PAVING BRICK. 


The quality and acceptability of paving brick, in the 
absence of other special tests mutually agreed upon in advance 
by the seller on the one side and the buyer on the other side, 
shall be determined by the following procedure: 

I. The Rattler Test, for the purpose of determining whether 
the material as a whole possesses to a sufficient degree strength, 
toughness and hardness. 

II. Visual Inspection, for the purpose of determining 
whether the physical properties of the material as to dimen- 
‘sions, accuracy and uniformity of shape and color, are in general 
satisfactory, and for the purpose of culling out from the ship- 
ment individually imperfect or unsatisfactory brick. 

The acceptance of paving brick as satisfactorily meeting 
one of these tests shall not be construed as in any way waiving 
the other. 


I. THe RATTLER TEST. 


THE SELECTION OF SAMPLES FOR TEST. 


1. Place of Sampling.—In general, where a shipment of 
bricks involving a quantity of less than 100,000 is under con- 
sideration, the sampling may be done either at the brick factory 
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prior to shipment, or on cars at their destination or on the street, 
when delivered ready for use. When the quantity under con- 
sideration exceeds 100,000 the sampling shall be done at the 
factory prior to shipment. Bricks accepted as the result of 
test prior to shipment, shall not be liable to subsequent rejec- 
tion as a whole, but are subject to such culling as is provided 
for under Part II, Visual Inspection. 

2. Method of Selecting Samples.—In general, the buyer shall 
select his own samples from the material which the seller pro- 
poses to furnish. The seller shall have the right to be present 
during the selection of a sample. The sampler shall endeavor, 
to the best of his judgment, to select brick representing the 
average of the lot. No samples shall include bricks which would 
be rejected by visual inspection as provided in Part II, 
except that where controversy arises, whole tests may be selected 
to determine the admissibility of certain types or portions of 
the lot having a characteristic appearance in common. In 
cases where prolonged controversy occurs between buyer and 
seller and samples selected by each party fail to show reason- 
able concurrence, then both parties shall unite in the selection 
of a disinterested person to select the samples, and both parties 
shall be bound by the results of samples thus selected. 

3. Number of Samples per Lot.—In general, one sample 
of ten bricks shall be tested for every 10,000 bricks contained 
in the lot under consideration; but where the total quantity 
exceeds 100,000, the number of samples tested may be fewer 
than one per 10,000, provided that they shall be distributed as 
uniformly as practicable over the entire lot. 

4. Shipment of Samples——Samples which must be trans- 
ported long distances by freight or express shall be carefully 
put up in packages holding not more than twelve bricks each. 
When more than six bricks are shipped in one package, it shall 
be so arranged as to carry two parallel rows of bricks side by 
side, and these rows shall be separated by a partition. In 
event of some of the bricks being cracked or broken in transit, 
the sample shall be disqualified if there are not remaining ten 
sound undamaged bricks. 

5. Storage and Care of Samples.—Samples shall be care- 
fully handled to avoid breakage or injury. They shall be 


PROPOSED SPECIFICATIONS FOR PAVING BRICK. 291 


kept in the dry so far as practicable. If wet when received, 
or known to have been immersed or subjected to recent pro- 
longed wetting, they shall be dried for at least six hours in a 
temperature of 100° F. before testing. 


THE CONSTRUCTION OF THE RATTLER. 


6. General Design.—The machine shall be of good mechan- 
ical construction, self-contained, and shall conform to the follow- 
ing details of material and dimensions, and shall consist of 
barrel, frame, and driving mechanism as herein described. 
Accompanying these specifications is a complete drawing of a 
rattler which will meet the requirements, and to which reference 
should be made (Plate VII).! 

7. The Barrel—The barrel of the machine shall be made 
up of the heads, headliners, staves and stave-liners. 

The heads may be cast in one piece with the trunnions, 
which shall be 2} in. in diameter, and shall have a bearing 
6 in. in length, or they may be cast with heavy hubs, which 
shall be bored out for 2;%-in. shafts, and shall be keyseated for 
two keys, each 3 by 3 in. and spaced 90 deg. apart. The shaft 
shall be a snug fit and when keyed shall be entirely free from 
lost motion. The distance from the end of the shaft or trunnion 
to the inside face of the head shall be 153 in. in the head for the 
driving end of the rattler, and 113 in. for the other head, and 
the distance from the face of the hubs to the inside face of the 
heads shall be 5} in. 

The heads shall be not less than ? in. thick, nor more than 
; in. thick. In outline, each head shall be a regular 14-sided 
polygon inscribed in a circle 283 in. in diameter. Each head 
shall be provided with flanges not less than ? in. thick and extend- 
ing outward 2} in. from the inside face of the head to afford 
a means of fastening the staves. The surface of the flanges of 
the head shall be smooth and give a true and uniform bearing 
for the staves. To secure the desired true and uniform bearing 
the surfaces of the flanges of the head shall be either ground 
or machined. The flanges shall be slotted on the outer edge, 
so as to provide for two ?-in. bolts at each end of each stave, 


1 This rattler was designed jointly by Mr. M. W. Blair and Mr. C. F. Hetherington. 
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said slots to be }2 in. wide and 23 in., center to center. Each 
slot shall be provided with a recess for the bolt head, which shall 
act to prevent the turning of the same. Between each two 
slots there shall be a brace 3 in. thick, extending down the out- 
ward side of the head not less than 2 in. 

There shall be for each head a cast-iron headliner 1 in. 
in thickness and conforming to the outline of the head, but 
inscribed in a circle 28} in. in diameter. This headliner shall 
be fastened to the head by seven 3-in. cap-screws, through the 
head from the outside. Whenever these headliners become 
worn down 3 in. below their initial surface level at any point 
of their surface, they shall be replaced with new ones. The 
metal of these headliners shall be hard machinery iron and 
should contain not less than one per cent of combined carbon. 

The staves shall be made of 6-in. medium-steel structural 
channels, 27} in. long and weighing 15.5 lb. per lineal foot. 
The staves shall have two holes }2 in. in diameter, drilled in 
each end, the center line of the holes being 1 in. from the end 
and 12 in. either way from the longitudinal center line. The 
spaces between the staves shall be as uniform as practicable, 
but shall not exceed 3; in. 

The interior or flat side of each stave shall be protected 
by a liner ? in. thick by 5} in. wide by 19 in. long. The liner 
shall consist of medium-steel plate, and shall be riveted to the 
channel by three 3-in. rivets, one of which shall be on the center 
line both ways and the other two on the longitudinal center line 
and spaced 7 in. from the center each way. The rivet holes 
shall be countersunk on the face of the liner and the rivets 
shall be driven hot and chipped off flush with the surface of the 
liners. These liners shall be inspected from time to time, and 
if found loose shall be at once re-riveted; but no liner shall be 
replaced by a new one except as the whole set is changed. 

Any test at the expiration of which a stave-liner is founa 
detached from the stave or seriously out of position shall be 
rejected. When a new set of liners has been placed in position, 
before being used for testing, the rattler shall be charged with 
400 Ib. of shot of the same sizes, and in the same proportions 
as provided in Section 9, and shall then be run for 18,000 revo- 
lutions at the usual prescribed rate of speed. The shot shall 
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ther. be removed and a standard shot charge inserted, after which 
the rattler may be charged with brick for a test. 

No set of liners shall be used for more than one hundred 
tests. The record must show the date when each set of liners 
goes into service, and the number of tests made upon each set. 

The staves when bolted to the heads shall form a barrel 
20 in. long, inside measurement, between head liners. The 
liners of the staves shall be so placed as to drop between the head- 
liners. The staves shall be bolted tightly to the heads by four 
3-in. bolts, and each bolt shall be provided with a lock nut, 
and shall ke inspected at not less frequent intervals than every 
fifth test and all nuts kept tight. A record shall be made after 
each inspection showing in what condition the bolts were found. 

8. The Frame and Driving Mechanism.—The barrel shall 
be mounted on a cast-iron frame of sufficient strength and 
rigidity to support it without undue vibration. It shall rest 
on a rigid foundation with or without the interposition of wooden 
plates, and shall be fastened thereto by bolts at not less than 
four points. 

It shall be driven by gearing whose ratio of driver to driven 
is not less than one to four. The counter shaft upon which 
the driving pinion is mounted shall not be less than ,14¢ in. 
in diameter, with bearings not less than 6 in. in length. It 
shall be belt driven, and the pulley shall not be less than 18 in. 
in diameter and 6} in. in face. A belt of 6-in. double-strength 
leather, properly adjusted, to avoid unnecessary slipping, 
should be used. 

9. The Abrasive Charge.-—The abrasive charge shall con- 
sist of cast-iron spheres of two sizes. When new, the larger 
spheres shall be 3.75 in. in diameter and shall weigh approxi- 
mately 7.5 lb. (3.40 kg.) each. Ten spheres of this size shall 
be used. 

These shall be weighed separately after each ten tests, 
and if the weight of any large sphere falls to 7 Ib. (3.175 kg.) 
it shall be discarded and a new one substituted; provided, 
however, that all of the large spheres shall not be discarded 
and substituted by new ones at any single time, and that so 
far as possible the large spheres shall compose a graduated 
series in various stages of wear, 
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When new, the smaller spheres shall be 1.875 in. in diam- 
eter and shall weigh approximately 0.95 Ib. (0.43 kg.) each. 
In general, the number of small spheres in a charge shall not 
fall below 245 nor exceed 260. The collective weight of the 
large and small spheres shall be as nearly 300 Ib. as possible. 
No small sphere shall be retained in use after it has been worn 
down so that it will pass a circular hole 1.75 in. in diameter, 
drilled in an iron plate } in. in thickness, or weigh less than 
0.75 lb. (0.34 kg.). Further, the small spheres shall be tested, 
by passing them over the above plate or by weighing, after 
every ten tests, and any which pass through or fall below the 
specified weight, shall be replaced by new spheres; provided, 
further, that all of the small spheres shall not be rejected and 
replaced by new ones at any one time, and that so far as possible 
the small spheres shall compose a graduated series in various 
stages of wear. At any time that any sphere is found to be 
broken or defective it shall at once be replaced. 

The iron composing these spheres shall have a chemical 
composition within the following limits: 


Combined Not under 2.50 per cent 


For each new batch of spheres used, the chemical analysis 
shall be furnished by the maker or be obtained by the user, 
before introducing into the charge, and unless the analysis 
meets the above specifications, the batch of spheres shall be 
rejected. 


THE OPERATION OF THE TEST. 


10. The Brick Charge——The number of bricks per test 
shall be ten for all bricks of so-called “block size,”” whose dimen- 
sions fall between from 8 and 9 in. in length, 3 and 33 in. in 
breadth, and 3? and 4} in. in thickness.'. No brick should 


1 Where brick of larger or smaller sizes than the dimensions given above for blocks are to 
be tested, the same number of bricks per charge should be used, but allowance for the difference 
in size should be made in setting the limits for average and maximum rattler loss, 
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be selected as part of a regular test that would be rejected by 
any other requirements of the specifications under which the 
purchase is made. 

11. Speed and Duration of Revolution.—The rattler shall 
be rotated at a uniform rate of not less than 29.5 nor more than 
30.5 revolutions per minute, and 1800 revolutions shall con- 
stitute the test. A counting machine shall be attached to the 
rattler for counting the revolutions. A margin of not to exceed 
ten revolutions will be allowed for stopping. Only one start 
and stop per test is generally acceptable. If, from accidental 
causes, the rattler is stopped and started more than once during 
a test, and the loss exceeds the maximum permissible under 
the specifications, the test shall be disqualified and another made. 

12. The Scales.—The scales must have a capacity of not 
less than 300 lb., and must be sensitive to 0.5 oz., and must 
be tested by a standard test weight at intervals of not less than 
every ten tests. 

13. The Results—The loss shall be calculated in percentage 
of the initial weight of the brick composing the charge. In 
weighing the rattled brick, any piece weighing less than 1 lb. 
shall be rejected. 

14. The Recoras——A complete and continuous record shall 
be kept of the operation of all rattlers working under these 
specifications. This record shall contain the following data 
concerning each test made: 


1. The name of the person, firm or corporation furnishing each sample 
tested. 
2. The name of the maker of the brick represented in each sample 
tested. 
3. The name of the street, or contract, which the sample represented. 
4. The brands or marks upon the bricks by which they were identified. 
5. The number of bricks furnished. 
6. The date on which they were received for test. 
7. The date on which they were tested. 
8. The drying treatment given before testing, if any. 
9. The length, breadth and thickness of the bricks. 
10. The collective weight of the ten large spherical shot used in making 
the test at the time of their last standardization. 
li. The number and collective weight of the small spherical snot used 
in making the test, at the time of their last standardization. 
12, The total weight of the shot charge, after its last standardization, 
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13. Certificate of the operator that he examined the condition of the 
machine as to staves, liners, and any other parts affecting the barrel, and found 
them right at the beginning of the test. 

14. Certificate of the operator of the number of charges tested since the 
last standardization of shot charge. 


15. Certificate of the operator of the number of charges tested since the 
stave liners were renewed. 


16. Certificate of the operator that the requisite number of revolutions 


were made, under the prescribed conditions, upon the staves after the last 
relining, before a brick test was made. 

17. The time of the beginning and ending of each test, and the number of 
revolutions made by the barrel during the test, as shown by the indicator. 


18. Certificate of the operator as to number of stops and starts made in 
each test. 


19. The initial collective weight of the ten bricks composing the charge 
and their collective weight after rattling. 


20. The loss calculated in percentage of the initial weight; and the 
calculation itself. 


21. The number of broken bricks and remarks upon the portions which 
were included in the final weighing. 


22 General remarks upon the test and any irregularities occurring in its 
execution. 


23. The date upon which the test was made. 


24. The location of the rattler and name of the owner, upon which the 
test was made. 


25. The certificate of the operator that the test was made under the 
specifications of the American Society for Testing Materials and that the 
record is a true record. 


26. The signature of the operator or person responsible for the test. 
27. The serial number of the test. 


In the event of more than one copy of the record of any 
test being required, they may be furnished on separate sheets, 
and marked duplicates, but the original record shall always 
be preserved intact and complete. 

For the convenience of the public, the accompanying blank 
form, which provides space for the necessary data, is furnished 
and its use recommended. 


ACCEPTANCE AND REJECTION OF MATERIAL. 


15. Basis of Acceptance or Rejection.—Paving bricks shall 
not be judged for acceptance or rejection by the results of 
individual tests, but by the average of no less than five tests. 
Where a lot of bricks fail to meet the required average, it shall 
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REPORT OF STANDARD RATTLER TEST OF PAVING BRICK. 


IDENTIFICATION DATA. 


Name of the firm manufacturing sample.............-.......--...-------c-ececceeeeeeeeeeseseeeeeeeeees 
Quantity 
STANDARDIZATION Data. 
: Condition of | ag or (Note any repairs af- 
on Staves. | barrel.) 
10 Large spheres.......... | 
Small spheres.......... } 
Number of charges tested since last inspection...........-.---------...--------eseeeceeeeeeeee == 
Number of charges tested since stave linings were renewed......................-.---+--+- 
Number of revolutions run upon stave linings before first test was run............ 
RunninG Data. 
Time Readings. 
A tops, etc. 
Hours. Minutes. | Seconds. eee 
Beginning of Test. . : | 
Final Reading..... | 
WEIGHTS AND CALCULATIONS. 
| Percentage Loss. 
(Note.— The Calculation Must 
| Appear.) 
Initial Weight of Ten Bricks.......... 
Final Weight of Same................ 


Number of broken bricks and remarks on same............ 
I certify that the foregoing test was made under the specifications of the 

American Society for Testing Materials, and is a true record. 
(Signature of Tester) 


Date. 


Location of Laboratory 
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be optional with the buyer whether the bricks shall be definitely 
rejected or whether they may be regraded and a portion selected 
for further test as provided in Section 16. 

16. Range of Fluctuation.—Some fluctuation in the results 
of the rattler test, both on account of variations in the bricks 
and in the machine used in testing, are unavoidable, and a 
reasonable allowance for such fluctuations should be made, 
wherever the standard may be fixed. 

In any lot of paving brick, if the loss on a test computed 
upon its initial weight exceeds the standard loss by more than 
two per cent, then the portion of the lot represented by that 
test shall at once be resampled and three more tests executed 
upon it, and if any of these three tests shall again exceed by 
more than two per cent the required standard, then that por- 
tion of the lot shall be rejected. 

If in any lot of brick, two or more tests exceed the per- 
missible maximum, then the buyer may at his option reject 
the entire lot, even though the average of all the tests executed 
may be within the required limits. 

17. Fixing of Standards.—The percentage of loss which 
may be taken as the standard, will not be fixed in these regu- 
lations, and shall remain within the province of the contracting 
parties. For the information of the public, the following scale 
of average losses is given, representing what may be expected 
of tests executed under the foregoing specifications: 


GENERAL MAXIMUM 
AVERAGE Loss, PERMISSIBLE Loss, 
PER CENT. PER CENT. 
For bricks suitable for heavy traffic........ 22 24 
For bricks suitable for medium traffic...... 24 26 
For bricks suitable for light traffic......... 26 28 


Which of these grades should be specified in any given 
district and for any given purpose is a matter wholly within 
the province of the buyer, and should be governed by the kind 
and amount of traffic to be carried, and the quality of paving 
bricks available. 

18. Culling and Retesting—Where, under Sections 15 and 
16, a lot or portion of a lot of brick is rejected, either by reason 
of failure to show a low enough average test or because of tests 
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above the permissible maximum, the buyer may at his option 
permit the seller to regrade the rejected brick, separating out 
that portion which he considers at fault and retaining that 
which he considers good. When the regrading is complete, 
the good portion shall be then resampled and retested, under 
the original conditions, and if it fails again either in average or 
in permissible maximum, then the buyer may definitely and 
finally reject the entire lot or portion under test. 

19. Payment of Cost of Testing.—Unless otherwise specified, 
the cost of testing the material as delivered or prepared for 
delivery, up to the prescribed number of tests for valid accept- 
ance or rejection of the lot, shall be paid by the buyer. (See 
also Section 23.) The cost of testing extra samples made 
necessary by the failure of the whole lot or any portion of it, 
shall be paid by the seller, whether the material is finally accepted 
or rejected. 


II. VisuAt INSPECTION. 


It shall be the right of the buyer to inspect the bricks, 
subsequent to their delivery at the place of use, and prior to 
or during laying, to cull out and reject upon the following 
grounds: 

20. All bricks which are broken in two or chipped in such 
a manner that neither wearing surface remains intact, or that 
the lower or bearing surface is reduced in area by more than 
one-fifth. Where bricks are rejected upon this ground, it shall 
be the duty of the purchaser to use them so far as practicable 
in obtaining the necessary half-bricks for breaking courses and 
making closures, instead of breaking otherwise whole and sound 
bricks for this purpose. 

21. All bricks which are cracked in such a degree as to pro- 
duce defects such as are defined in Section 20, either from shocks 
received in shipment and handling, or from defective conditions 
of manufacture, especially in drying, burning or cooling, unless 
such cracks are plainly superficial and not such as to percep- 
tibly weaken the resistance of the brick to its conditions of use. 

22. All bricks which are so off-size, or so misshapen, bent, 
twisted or kiln-marked, that they will not form a proper sur- 
face as defined by the paving specifications, or align with other 
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bricks without making joints other than those permitted in 
the paving specifications. 

23. All bricks which are obviously too soft and too poorly 
vitrified to endure street wear. When any disagreement arises 
between buyer and seller under this item, it shall be the right 
of the buyer to make two or more rattler tests of the brick which 
he wishes to exclude, as provided in Section 2, and if in either 
or both tests, the bricks fall beyond the maximum rattler losses 
permitted under the specifications, then all bricks having the 
same objectionable appearance may be excluded, and the seller 
shall pay for the cost of the test. But if under such procedure, 
the bricks which have been tested as objectionable, shall pass 
the rattler test, both tests falling within the permitted maximum, 
then the buyer cannot exclude the class of material represented 
by this test and he shall pay for the cost of the test. 

24. All bricks which differ so markedly in color from the 
type or average of the shipment, as to make the resultant 
pavement checkered or disagreeably mottled in appearance. 
This Section shall not be held to apply to the normal variations in 
color which may occur in the product of one plant among bricks 
which will meet the rattler test as referred to in Sections 15, 
16, and 17, but shall apply only to differences of color which 
imply differences in the material of which the bricks are made, 
or extreme differences in manufacture. 


| 
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DISCUSSION. 


Mr. A. N. TALBot.—May I make one remark in connec- Mr. Talbot. 


tion with this report? It seems well to call attention to one 
other reason for allowing a prescribed fluctuation or range in 
the results of the rattler test beside the one of natural variation 
in quality of the paving-brick material, and also for providing 
for a second test; and this reason is that it is appreciated by the 
committee that the rattler test is at best an imperfect method 
of testing, and that some variation in results may be due to 
accidental conditions of the rattler test. Such accidental varia- 
tions of the testing machine are also expected to be covered in 
the range of allowance made. 

THE PRESIDENT.—The Chair will take the liberty of 
expressing his views on a point that is in the province of this 
committee and applies to many materials. I am thoroughly 
impressed with the desirability of designating definitely in 
specifications the number of samples that shall be taken. In 
many specifications a range as to the number of samples is 
given, and the number is left to the judgment of the engineer. 
My experience has proven that that is a very dangerous provi- 
sion, because we find that in very many cases in commercial 
life the contractor pays for the inspection. In many lines of 
construction that has become almost a universal custom. In 
such cases the contractor naturally wants to get the inspection 
at the lowest possible price. The engineer or architect, or city 
official, desires to have his material under some recognized 
specifications, but if there is a range as to the number of tests, 
he is apt to accept the fewest possible number in order to have 
the work performed for the least money. Now, if inspection is 
worth anything, if testing is worth anything, I think it is just 
as important that a definite number of tests to a given quantity 
of material should be specified, as to specify how the tests shall 
be made. 
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REPORT OF COMMITTEE C-4 
ON 


STANDARD SPECIFICATIONS AND TESTS FOR CLAY 
AND CEMENT SEWER PIPES. 


Since the presentation of the last report of the committee 
we have had a number of meetings. After the last annual 
meeting the entire subject had been separated into a large num- 
ber of integral parts, and sub-committees had been appointed, 
each one of which was requested to report on the questions 
embraced in one or more of the parts which were assigned to it. 

It was expected that all of the reports would be presented 
in the early part of this year, so that a progress report of sub- 
stantial value could be presented at this time. Unfortunately, 
several of the principal sub-committees have not yet com- 
pleted their reports owing to the pressure of other business. 

As fast as the material is received from these sub-com- 
mittees, it is being classified and studied. 

It is now confidently expected that before the next annual 
meeting the committee will be able to reduce all the data on 
hand to the form of a full report. After all the members of 
the committee have considered its conclusions, it will then be 
presented to the Society. 


Respectfully submitted on behalf of the committee, 


RupDOLPH HERING, 
Chairman. 
A. J. Provost, JR., 


Vice-Chairman. 
E. J. Fort, 


Secretary. 
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REPORT OF COMMITTEE C-6 
ON 


STANDARD TESTS AND SPECIFICATIONS FOR 
DRAIN TILE. 


Committee C-6 hopes to present definite specifications 
to the Society at the June meeting, 1914, for consideration 
and possible adoption as standard. 

Preliminary to the final preparation of such specifications 
a considerable amount of investigation work has been and is 
still under way, both directly under the committee and sepa- 
rately, in laboratories working in cooperation. The committee 
numbers in its membership the responsible heads of the follow- 
ing testing laboratories: Agricultural Engineering, University 
of Minnesota; College of Engineering, University of Wisconsin; 
Tile Testing Laboratory of the Universal Portland Cement Co., 
Chicago, Ill.; Engineering Experiment Station, Iowa State 
College, Ames, Iowa; Mechanics Department, University of 
Nebraska; Mechanics Section of Engineering Experiment 
Station, University of Illinois; City Testing Laboratory, St. 
Louis. 

All of the above laboratories, save possibly one, are carry- 
ing on investigations directly in line with the work of Com- 
mittee C-6. Specifically, Mr. Mont Schuyler, of the City Test- 
ing Laboratory, St. Louis, has constructed and tested a new 
water-bearing device for applying concentrated loadings in 
pipe tests. Prof. A. N. Talbot, of the University of Illinois, 
and Mr. C. W. Boynton, of the Universal Portland Cement Co., 
have devised and tested inexpensive tile testing machines, and 
convenient bearings for concentrated loadings in tile tests. 
Dean F. E. Turneaure, of the University of Wisconsin, is under- 
taking for Committee C-6 a series of tests of the inter-relations 
of bearing strength, absorption, and the effects of freezing and 
thawing on different grades of tile. Prof. John T. Stewart, of 
the Agricultural Engineering Department, University of Minne- 
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sota, has been making a series of tests of tile by different meth- 
ods. The Engineering Experiment Station of the Iowa State 
College, Ames, Iowa, has just published a 181-page bulletin, 
giving the results of six years’ active and extensive investiga- 
tions of failures of drain tile and sewer pipe, of actual weighings 
and the mathematical theory of loads on pipes in ditches. In 
this bulletin are also given different methods of testing drain 
tile, including the detailed results of actual tests of more than 
1000 different specimens of drain tile and sewer pipe, by a 
method of distributed loading for which the claim is made, in 
view of the results of comparison with actual failures in ditches, 
that it closely develops in laboratory tests substantially the 
same strengths which the pipes develop in actual ditch condi- 
tions. 

As stated in our 1912 report,! Committee C-6 is organ- 
ized for carrying on its work, in five sub-committees, as follows: 


I. On Tests: Prof. A. N. Talbot, Chairman. 
II. On Data of Manufacture of Clay Tile: G. W. 
Gates, Chairman. 
III. On Data of Manufacture of Cement Tile: P. H. 
Atwood, Chairman. 
IV. On Durability of Tile: Dean F. E. Turneaure, 
Chairman 
V. On Construction and Field Specifications: Prof. 
J. T. Stewart, Chairman. 


Mr. P. H. Atwood has resigned, and the vacancy has not 
yet been filled. 

The Sub-Committee on Tests has under special investi- 
gation the methods of making bearing-strength tests of drain 
tile, and has now narrowed its work to the special investigation 
of two principal methods: 

First, the method of distributed loadings over 90-deg. strips 
at top and bottom, which is claimed to develop laboratory 
strengths substantially equal to actual strengths in ditches; 

Second, the method of concentrated loadings over narrow 
strips at top and bottom, which is claimed to be more rapid 
and convenient, and hence less expensive. 


1 Proceedings, Am. Soc. Test. Mats., Vol. XII, p. 72 (1912). 


On DRAIN TILE. 305 


To decide whether one of the above methods shall be adopted 
as standard, and which, or whether both should not be adopted, 
and to determine the ratio of results by the two methods, the 
Sub-Committee on Tests has planned a series of about 600 
comparative tests, of both cement and clay tile, of 8, 16, 
and 24-in. diameters, to be specially selected for uniform 
quality. 

Owing to the varied manufacturing interests involved, 
and their great financial importance, Committee C-6 has expe- 
rienced unexpected delay and difficulty in securing the speci- 
mens for these tests. After efforts by the sub-committees 
on manufacture of clay and cement tile had failed, and after 
much delay, the Engineering Experiment Station of the Iowa 
State College came to the relief of the committee by ordering 
the manufacture at its expense of the cement tile needed, from 
a factory at Jefferson, Iowa, selected by the cement tile manu- 
facturers for that purpose. Also the Clay Products Publicity 
Bureau, of Kansas City, Mo., has now agreed to select and 
deliver the clay tile at Ames, Iowa, at an early date. 

As soon as these specimens are ready, the tests are to be 
carried out by employees of the laboratories already named, 
with the assistance of as many members of Committee C-6 
as can find it possible to be present. It is hoped that the work 
can be done in July or August, 1913. 

The Sub-Committees on Data of Manufacture of Clay 
and of Cement Tile are expected to collect valuable data of the 
various materials and processes of manufacture, for inclusion 
in the report of Committee C-6, but not in the specifications 
for drain tile, which should deal, it is believed, with the qualities 
of the finished product rather than methods of manufacture. 

The Sub-Committee on Durability of Tile has under experi- 
mental investigation the absorption test, and a freezing and 
thawing test, and the relation of the two to bearing strength 
and modulus of rupture. It is proposed to make a series of 
tests of soft and of hard-burned clay tile, from surface clays and 
from shale, together with similar tests of cement tile of lean and 
rich mixtures, and made with different percentages of water, 
and by different machines. 

This sub-committee also purposes to collect by correspon- 
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dence as much data as practicable relating to the effect of soil 
and ground-water alkalies and acids on the durability of tile. 
Laboratory tests along these lines have been discussed, but not 
favored. It is believed that the preliminary essential to any 
laboratory tests of drain tile of any kind must be the correct 
determination of the actual field conditions to which tile is to 
be exposed, by extensive field observations. 

Such a field investigation of the effect of soil and ground- 
water acids and alkalies would require years of observations to 
be of much value, and it is understood that the United States 
Reclamation Service is about to inaugurate such tests. Hence 
it seems useless for Committee C-6 to make short tests along this 
line. 

The Sub-Committee on Construction and Field Specifica- 
tions has been collecting data on construction methods, and on 
present specifications for construction work, and practicable 
improvements therein. 

As already stated, Committee C-6 plans to present definite 
standard specifications for drain tile and for laying of drain tile 
at the next annual meeting of the American Society for Testing 
Materials, in 1914, with recommendation for their adoption. 
The committee desires to outline at this time some of the ques- 
tions which it has under consideration as to such standard 
specifications, without expressing any committee decision or 
opinion, but in the hope of arousing some illuminating discussion 
and criticism from the members of the Society at large. 

Most, if not all, of the clauses which should be included in 
Standard Specifications for Drain Tile and for Pipe Laying will 
fall under one of four heads: 


I. Specifications for Standard Methods.of Testing 
Drain Tile; 
II. Specifications of Quality of Drain Tile from Numer- 
ical Results of Tests; 
III. Specifications for Inspection, and of General Qualities 
of Drain Tile; 
IV. Specifications of Laying of Drain Tile. 


These groups may be taken up in order. 
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I. SPECIFICATIONS FOR STANDARD METHODS OF TESTING 
DRAIN TILE. 


Committee C-6 does not wish to discuss this subject at this 
time. It has under experimental laboratory investigation 
different methods for testing the bearing strength, absorption, 
and resistance to freezing and thawing, but the committee has 
not yet reached any final conclusions as to definite specifications. 


II. SPECIFICATIONS OF QUALITY OF DRAIN TILE FROM NUMER- 
ICAL RESULTS OF TESTS. 


In this group two tests are of principal importance; namely, 
bearing strength tests, and absorption tests. 

Specifications for Minimum Bearing Strength of Drain 
Tile.—Two methods of specifying the minimum bearing strengths 
of drain tile are under consideration by Committee C-6. 

One method is to specify arbitrary minimum strengths per 
linear foot, based on many tests of good pipe, just as the tensile 
strength of cement is specified as indicating its quality, without 
reference to any stresses it must sustain in structures. This 
method alone does not provide safety against the cracking of 
pipes in ditches now sometimes experienced in all the large sizes 
of both drain tile and sewer pipe, for pipe of the quality now 
often made by well-established factories has cracked in a number 
of instances in deep and wide ditches, though sound and satis- 
factory in every way for ordinary moderate depths and widths. 

The other method is to specify the ordinary maximum loads 
on pipes in ditches of different dimensions, and for different 
ditch-filling materials, and further to specify a minimum safety 
factor of bearing strength for the drain tile (or the tile drain). 
Combined with this a requirement would also be inserted for a 
minimum quality bearing strength, to aid in shutting out pipe 
which might disintegrate. In favor of this method it is urged 
that at least $75,000,000 worth of sewer pipe and drain tile 
lines are constructed annually in the United States alone, in all 
of which safe bearing strength of the pipe is an absolutely essen- 
tial factor, yet in all of which engineers up to the present time 
have simply guessed at the strength of the pipe as related to the 
loads, just as was the custom in bridge construction until the 
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‘last century. It is argued, especially in view of the accusing 
evidence of miles upon miles of cracked pipe, that the time has 
now come for engineers to quit guessing on a matter of such 
great and vital importance, and instead to calculate the loads 
- and to test the strengths. 

It is evident that the first essential to this desirable end is 
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Fic. 1.—Diagram showing Comparison of the Weighings of 
Actual Loads on Pipes in Ditches (in Two Experiments) 
with the Calculated Loads. 


a correct theory of the loads on pipes in ditches, a theory well 
backed up by reliable experimental data. 

A mathematical theory of loads on pipes in ditches was 
presented by Mr. Marston before this Society in 1912.1. This 
theory has since been checked closely by quite extensive weigh- 
ings of actual loads on pipes in ditches, and by comparisons 


1 Proceedings, Am. Soc. Test. Mats., Vol. XI, p. 834 (1911). 
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with all known cases of actual cracking of pipes in ditches, as 
published in detail on pages 65 to 88 of Bulletin No. 31, “The 
Theory of Loads on Pipes in Ditches, and Tests of Cement and 
Clay Drain Tile and Sewer Pipe,” of the Iowa State College 
Engineering Experiment Station, Ames, Iowa. Owing to the 
great importance of the subject, the committee has decided to 
include herewith a brief summary of the results in this report. 

Fig. 1 (Fig. 21 of Bulletin 31) shows the close correspon- 


TABLE I.—OrDINARY MaximuM Loaps ON DRAIN TILE AND SEWER PIPE IN 
DitcHeEs, LB. PER LIN. FT. 
For CLay, AND ALL CoMMON SOILs, oR COMBINATIONS OF SoILs, Except SAND AND LOAM. 


Height of Breadth of Ditch at Top of Pipe. 
Fill Above 
Top of Pipe, 

ft. 1 ft. 2 ft 3 ft. 4 ft 5 ft. 

2 210 470 730 1 000 1 240 

4 340 840 1330 1870 2370 

6 430 1 140 1900 2 630 3 410 

490 1380 2 360 3 360 4 400 

10 $20 1570 2 760 3 980 5 270 

1 540 1730 3 100 4 560 6 050 

16 570 1940 3 660° 5 510 7 

20 580 2 090 4070 6 280 8 610 

24 580 2 180 4380 6910 9 590 

30 580 2 260 4700 7 590 10 780 

For SAND AND LoAM UNMIXED WITH OTHER SoILs. 

2 180 410 650 890 1110 

oe 270 710 1170 1 640 2 100 

6 310 910 1 590 2270 2970 
1070 1910 2 820 3720 

10 350 1180 2 180 3 260 4380 

12 360 1250 2 400 3 650 4980 

16 360 1350 2710 4260 5 940 

20 360 1 400 2910 4700 6 660 

24 360 1 430 3 050 5010 7 230 

30 360 1 440 3 150 5 340 7 830 


Note.—For dimensions of ditch not given the loads shall be interpolated between the 
loads in the table. 


dence of the calculated and the actual loads in two of the most 
important tests at Ames, covering a range of pipe from 18 to 36 
in. and of ditches from 2.24 to 4.15 ft. wide, and from 0 to 18 ft. 
deep. 

The accuracy of the theory of loads on pipes in ditches was 
further demonstrated by an analysis of 47 cases of actual crack- 
ing of pipes in ditches, as given in Table 15, pages 84 and 85, 
of Bulletin No. 31, and by a comparison of calculated with 
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weighed loads in 5 tests by Mr. F. A. Barbour. (See page 81 
of Bulletin No. 31.) 

After making proper allowance for the worst conditions of 
filling materials ordinarily to be anticipated, the theory of loads 
on pipes in ditches leads (see page 175 of Bulletin No. 31) to 
Table I, which gives the ordinary maximum loads on drain tile 
and sewer pipe in ditches. 

The above maximum loads usually occur at the time of 
the first very thorough flooding of the ditch-filling materials after 
the ditch is refilled, but sometimes may not occur for years. 
Between times of extreme saturation of the ditch-filling materials 
the permanent loads are much smaller. 

Specifications for Maximum Allowable Percentages of Absorp- 
tion for Drain Tile.—In specifying maximum absorption require- 
ments for drain tile, the question arises whether to specify the 
maximum allowable percentages for all materials or a different 
percentage for each material. 

The principal object of the absorption requirement is to 
provide against pipe-shell material of such poor quality as to be 
in danger of disintegration. 

It seems to be demonstrated that percentages of absorption 
found in excellent fire-clay pipe may be entirely too high for 
good shale pipe. Even surface-clay pipe of high porosity may 
sometimes stand freezing and thawing better than some denser 
shale pipe. Hence it is claimed that a different maximum 
allowable percentage of absorption should be specified for each 
general class of clay pipe and for cement pipe. 


III. SPECIFICATIONS FOR INSPECTION AND OF THE GENERAL 
QUALITIES OF DRAIN TILE. 
Committee C-6 has at present no questions to raise in this 
group, but would be glad of suggestions, especially as to defects 
which should cause rejection. 


IV. SPECIFICATIONS FOR LAYING OF DRAIN TILE. 
In this group of specifications Committee C-6 has under 
discussion the following questions: 
1. In ordinary pipe laying, how far is it wise to specify 
special preparation of the bedding of the pipe? 


Pe 
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The committee is considering whether to require shaping 
and careful bedding in granular material of a 90-deg. strip of 
the bottom of the pipe, with requirement of specially firm bear- 
ing at the outer edges of such strip. 

2. In ordinary pipe laying, how far is it wise to specify care- 
ful tamping of the filling between the sides of the pipe and the 
sides of the ditch? . 

The committee is convinced that such tamping cannot be 
relied upon to prevent cracking of the pipe, the horizontal 
diameter of which is found to elongate usually less than 0.02 in. 
at each end before cracking, in sizes up to 30 in. in diameter. 
Side tamping, however, will give much added safety against 
collapse if the pipe should crack. 

3. How far is it wise to require or permit bedding of pipes 
in concrete to make up for a deficiency in bearing strength? 

It is obvious that prevention of cracking of pipes in ditches 
will often call for a choice between making extra strong pipe, at 
a largely increased cost, or of strengthening the pipe against 
cracking by bedding them in lean concrete in the ditch. 


Respectfully submitted on behalf of the committee, 


A. MARSTON, 
Chairman. 
J. T. STEwart, 
Secretary. 


Note.—Following the presentation of the report of 
Committee C-6, it was decided to refer to the committee, 
with power, the omission of the words distinguished by italics 
in the following sentence at the middle of the fifth page of the 
report as originally presented: 


“This method alone does not provide safety against the 
cracking of pipes in ditches now so prevalent in all the large sizes 
of both drain tile and sewer pipe, for pipe of the best quality now 
made will generally crack in deep and wide ditches, though sound 
and satisfactory in every way for ordinary moderate depths and 
widths.” 
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The committee has changed the clause in question to read 
as follows, the words in italics showing the changes made: 


“now sometimes experienced in all the large sizes of both 
drain tile and sewer pipe, for pipe of the quality now often 
made by well-established factories has cracked in a number of 
instances in deep and wide ditches, though sound and satisfac- 
tory in every way for ordinary moderate depths and widths.” 


The report is printed above in its revised form.—Eb. 
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REPORT OF COMMITTEE C-7 
ON 
STANDARD SPECIFICATIONS FOR LIME. 


The committee reports that since its authorization in June, 
1912, it has held seven meetings. In addition the members 
have studied the problem individually from various standpoints, 
and have corresponded extensively with one another. As a 
result, the committee submits the appended proposed Standard 
Specifications for Lime with the recommendation that they be 
adopted by the Society. The work of the committee has been 
complicated by the various uses to which lime is put, and the 
variation in the chemical composition and physical character- 
istics allowed or desirable for different purposes. 

Few materials have so wide a variety of application as lime. 
Less than one-half of the product is consumed in the building 
trades where it is used chiefly in the making of lime mortars and 
plasters, and as an addition to Portland-cement concrete and 
gypsum plaster. The remainder of the lime produced is con- 
sumed by the chemical trade, which embraces, besides agricul- 
ture, the manufacture of bleaching compounds, caustic alkali, 
gas, glass, paper, leather, sugar, soaps, oils and chemicals such 
as carbides, acetates, ammonia, etc. For these varied chemical 
uses, the physical qualities are less important than chemical 
composition, which may vary through various steps from prac- 
tically pure calcium oxide to a lime in which the content of 
magnesium oxide may be about 40 per cent. 

In the building trade, the qualities of greatest importance 
for making mortars are the sand-carrying capacity and strength 
developed; for plastering, the plasticity, spreading qualities, con- 
stancy of volume and strength. These are largely independent 
of chemical composition and are affected by the treatment 
of the lime after delivery to the user as well as by the process of 
manufacture. It was therefore deemed advisable to limit the 
specifications to requirements directed to securing the proper 
chemical composition and preparation by the manufacturer. 


(313) 
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For quicklimes, chemical requirements are confined to speci: 
fying the content of calcium and magnesium oxides and limiting 
the content of carbon dioxide, which is important as indicating 
either completeness of calcination or the extent, if any, to which 
the lime has been spoiled by air-slaking, after manufacture. 
Physical requirements are limited to the percentage of waste or 
impurities which the different grades may contain. 

For building and chemical hydrates, only the content of 
carbon dioxide and water are specified under chemical tests, as 
the total content of basic oxide will vary with the ratio of calcium 
and magnesium oxides present, and the consequent variation 
in the amount of water of hydration. The requirement that 
there shall be at least one per cent more water present in the 
hydrate than is required for the complete hydration of the 
calcium oxide insures complete hydration and acts as a check 
on the presence of an excessive amount of silica, iron oxide and 
alumina,—the impurities usually present in hydrates,—since the 
combinations they form with lime during calcination do not 
readily hydrate. For agricultural hydrate, the total content 
of magnesium and calcium oxide is important and is specified. 

In considering the omission of tests to determine the strength 
of mortars, it must be remembered that quicklime is but a par- 
tially prepared and perishable material, and the strength of 
mortars made from it will depend largely on its treatment 
after leaving the manufacturer. For this reason, together with 
the fact that the standard methods in use for testing other 
cementitious materials are not well adapted to the testing of 
lime owing to its slow rate of hardening, the committee decided 
to omit requirements as to strength. It, however, believes them 
to be desirable and is still engaged in. an effort to develop suit- 
able tests to determine constancy of volume, ease of working and 
cementing value, and asks to be continued. 


Respectfully submitted on behalf of the committee, 


E. L. ConweELt, H. S. SPACKMAN, 
Secretary. Chairman. 


[NotE.—The proposed Standard Specifications for Lime were 
referred back to Committee C-7 for further consideration.—Eb.]| 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 


AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


PROPOSED STANDARD SPECIFICATIONS ‘ 
FOR 
LIME. 


1. Lime is a product resulting from the calcination, at a Definition. 
temperature below the cintering point, of a material containing 
carbonates of calcium or calcium and magnesium, which may be 
or has been converted to a paste or a dry flocculent powder, by 
slaking. 

_ 2. Limes may be divided into two commercial forms: Classifications. 

(a) Quicklime.—A product coming from the kiln, without 
subsequent treatment, other than sorting, crushing or pulveriza- 
tion, which slakes on the addition of water. Quicklime may be 
shipped either as lump lime or pulverized lime. Lump lime shall 
be kiln size. Pulverized lime is lump lime reduced in size by 
mechanical means. 

(b) Hydrate—A dry flocculent powder resulting from the 
hydration of quicklime. 

3. (a) Quicklimes are divided into two grades: Gcatee ent 

Selected.—A well-burned lime, picked free from ashes, core, “!#****- 
clinker or other foreign material. 

Run-of-Kiln.—A well-burned lime without selection. 

(b) Hydrates are divided into two classes: 

Building and Chemical—A lime hydrated to definite 
chemical’ proportions, and reduced to a fineness suitable for 
building purposes. 
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Basis of 
Purchase. 


Quicklime 
in Bulk. 


Quicklime 
in Barrels. 


Pulverized 
Quicklime 
or Hydrated 
Lime. 


Quicklime. 
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Agricultural—A lime reduced to a powder by hydration. 
As calcium and magnesium oxides play an important but distinct 
part as fertilizers, agricultural hydrates are divided into two 
classes, namely, high-calcium and magnesian hydrates. 

4. Where quicklime or hydrated lime is to be used for 
chemical or agricultural purposes, the desired content of calcium 
or magnesian oxide shall be specified in advance by the purchaser. 


I. CHEMICAL PROPERTIES AND TESTS. 
(A) Sampling. 

5. When quicklime is shipped in bulk, the sample shall be 
so taken that it will represent an average of all parts of the 
shipment, from top to bottom, and shall not contain a dis- 
proportionate share of the top and bottom layers, which are 
most subject to changes. The sample shall comprise at least 
10 shovelsful taken from different parts of the shipment. The 
total sample taken shall weigh at least 100 lb., and shall be 
crushed to pass a 1-in. ring, and quartered to provide a sample 
of the size required by the laboratory. The sample to be sent 
to the laboratory shall immediately be transferred to an air- 
tight container. 

6. When quicklime is shipped in barrels, at least 3 per 
cent of the number of barrels shall be sampled. They shall be 
taken from various parts of the shipment, dumped, mixed and 
sampled as specified in Section 5. 

7. The sample taken from either pulverized quicklime or 
hydrated lime shall be a fair average of the shipment. It is 
recommended that where conditions permit, 3 per cent of the 
packages shall be sampled. The samples shall be taken from 
the surface to the center of the package. The sample to be 
sent to the laboratory shall immediately be transferred to an 
air-tight container. 


(B) Chemical Tests. 

8. (a) Selected quicklime shall contain not under 90 per 
cent of caleium and magnesium oxides, and not over 3 per cent 
of carbon dioxide. 

(b) Run-of-kiln quicklime shall contain not under 85 per 
cent of calcium and magnesium oxides, and not over 5 per cent 
of carbon dioxide. 
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9. Building and chemical’ hydrates shall contain not Building and 
over 5 per cent of carbon dioxide, and not under 1 per cent of fygrates, 
water in excess of that required to fully hydrate the calcium 
oxide present. 

10. (a) High-calcium agricultural hydrate shall contain Agricultural 
not over 5 per cent of magnesium oxide, and not over 10 per cent or 
of carbon dioxide; and shall contain not under 80 per cent of 
calcium and magnesium oxides figured on an anhydrous basis. 

(6) Magnesian agricultural hydrate shall contain not under 
5 per cent of magnesium oxide, and not over 10 per cent of 
carbon dioxide; and shall contain not under 80 per cent of 
calcium and magnesium oxide figured on an anhydrous basis. 


II. PHYSICAL PROPERTIES AND TESTS. 


(A) Ouicklime. 

11. An average 5-lb. sample of selected or run-of-kiln quick- Percentage 
lime shall be put in a box and slaked with sufficient water to * ¥#ste- 
produce a lime putty, which shall be allowed to stand for 24 hr., 
then washed through a standard 10-mesh sieve. Not over 3 per 
cent of the weight of selected quicklime, nor over 5 per cent of 
the weight of run-of-kiln quicklime, shall be retained on the 
sieve. The sample taken for this test shall not be crushed finer 
than will pass a 1-in. ring, either before being sent to the labo- 
ratory or at the laboratory. 


(B) Hydrated Lime. 
12. (a) Building and chemical hydrates shall leave by Fineness. 
weight a residue of not over 5 per cent on a standard 100- 
mesh sieve. 
(6) Agricultural hydrate shall leave no residue on a standard 
4-mesh sieve, and shall leave by weight a residue of not over 
10 per cent on a standard 20-mesh sieve. 


III. PACKING AND MARKING. 


(A) Lump Lime. 

/13. When not shipped in bulk, lump lime shall be packed Packing. 
in barrels, which may weigh either 200 Ib. gross and contain 
approximately 185 lb. of lime, or 300 lb. gross and contain 
approximately 280 lb. of lime. 
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14. The name of the manufacturer, grade and gross weight 
shall be legibly marked on each barrel. Marking shall be blue 
for selected and red for run-of-kiln quicklime. 


(B) Pulverized Lime. 


15. Pulverized lime shail be packed either in cloth bags 
containing 167 lb., or in paper sacks containing 80 lb. 

16. (a) When shipped in cloth, the name of the manu- 
facturer and the grade of lime from which it was prepared shall 
be legibly marked or tagged on each bag. The marking or tag 
shall be blue for selected and red for run-of-kiln quicklime. 

(b) When shipped in paper, the name of the manufacturer 
and the grade of lime from which it was prepared shall be legibly 
marked on each sack. The marking shall be blue for selected 
and red for run-of-kiln quicklime. 


(C) Hydrated Lime. 


17. Hydrated lime may be packed either in cloth bags 
containing 100 Ib., or in paper sacks containing 40 lb. 

18. (a) When shipped in cloth, the name of the manu- 
facturer and grade shall be legibly marked or tagged on each 
bag. The marking or tag shall be blue for building and 
chemical hydrates and red for agricultural hydrate. 

(b) When shipped in paper, the name of the manufacturer 
and grade shall be legibly marked on each sack. The marking 
shall be blue for building and chemical hydrates and red for 
agricultural hydrate. 


(c) The marking of agricultural hydrates shall show whether 
they are high-calcium or magnesian. 


IV. INSPECTION AND REJECTION. 


19. (a) All limes shall be subject to inspection. 

(b) The lime may be inspected either at the place of manu- 
facture or the point of delivery. 

(c) The inspector representing the purchaser shall have 
free entry, at all times while work on the contract of the pur- 
chaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
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The manufacturer shall afford the inspector all reasonable 
facilities for inspection and sampling, which shall be so con- 
ducted as not to interfere unnecessarily with the operation of 
the works. 

(d) The purchaser may make the tests to govern the 
acceptance or rejection of the lime in his own laboratory or 
elsewhere. Such tests, however, shall be made at the expense 
of the purchaser. 

20. Unless otherwise specified, any rejection based on tests Rejection. 
made in accordance with Section 19 (d) shall be reported within 
five working days from the taking of samples. 

21. Samples tested in accordance with Section 19 (d), which Rehearing. 
represent rejected lime, shall be preserved for five days from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a 
rehearing within that time. 
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Mr. Humphrey. 


Mr. Spackman. 


Mr. Humphrey. 


Mr. Spackman. 


DISCUSSION. 


Mr. Ricwarp L. Humpurey.—I should like to ask what 
consideration has been given to the adhesive qualities of lime 
in the preparation of this specification. ; 

Mr. H. S. SpAcKMAN (Chairman, Committee C-7).—None 
at all. It was found impossible to develop a reliable test for 
adhesiveness; then again while the quality of the adhesive- 
ness would be of value in the case of lime used for build- 
ing purposes, it would be of no value where lime is used for 
agricultural. or chemical purposes. We have to consider a 
very wide range of uses for lime, and not look at the specifica- 
tions from the one standpoint of its use in mortars for building 
purposes. 

Mr. Humpurey.—When we deal with lime as a building 
material, its adhesive quality is fundamental, and it seems to 
me that a specification that does not deal with that particular 
phase of its value is defective. I do not criticise the report 
as a whole, and I regard the proposed specifications as an excel- 
lent step in the right direction; but I believe that before the 
specifications are adopted as specifications for building lime, 
the committee ought to seriously consider the point to which I 
have referred, as I believe the specifications will be of little 
value unless there is some measure of this quality of the lime. 
The word “lime” covers a wide range of material, and without 
something to measure its quality, the specification does not 
have very much value. 

Mr. SPACKMAN.—The point is, can you suggest a test to 
measure the adhesive qualities of lime that is practicable for 
use? The committee was unable to find one. Lime, as you 
know, has no binding or adhesive qualities in itself; it is not 
self-hardening, as cement is, and its binding qualities are largely 
dependent upon conditions outside of the control of the manufac- 
turer. Lime mortar hardens first by drying out, in the same 
manner as would clay or other non-cementitious plastic material. 
This hardening is only temporary and would disappear on the 
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mortar becoming wet. The permanent hardening of lime mortar Mr. Spackman. 
is due to the absorption of carbonic acid from the air, which ° 

results in the formation of calcium carbonate; this is dependent 

on outside influences, such as the amount of carbonic acid in 

the air, the amount of moisture in the mortar, the thickness and , 
density of the coating, in the case of plaster, or the permeability 

to air of the mass, in the case of masonry, temperature, etc. 

The hardening due to the absorption of carbonic acid is very 

slow and erratic, and cannot be measured with any accuracy 

by the ordinary testing machine when the mortar is made into 
briquettes before the 28-day period. 

As limes put on the market, with the exception of those in 

the form of hydrate, are very perishable, it would be imprac- 
’ ticable to hold the shipments until the adhesive qualities of the 
lime were tested.* Instead, therefore, of providing a direct test 
for adhesive qualities we have tried to insure their presence by 
providing that the lime shall be of proper chemical composition, 
correctly burned, and otherwise prepared in a manner best 
qualified to insure the maximum adhesiveness or binding prop- 
erty in mortars prepared from it under average conditions of use. 
It must be remembered, however, that the adhesive or binding 
quality of the lime depends not only on the chemical composi- 
tion and method of preparation, but also on the treatment of 
the lime after it gets into the hands of the user. Its ultimate 
binding qualities will depend as much upon how it is slaked, how 
long it is aged, how the mortar is applied, etc., as upon the 
quality of the lime. 

In view of these facts we did not feel that we were justified 
in prescribing any definite requirement for strength. A further 
study of the problem may enable us to do so, but at present we 
feel that any requirement that lime mortars should give a 
certain strength at the 7-day period would be unwarranted. 

Mr. F. P. Verrcu.—I think the specifications are decidedly Mr. Veitch. 
faulty; they are lacking in definiteness, poorly arranged, and 
decidedly unfair to the user of lime. The definition of lime 
permits in making it the use of a material containing small 
percentages of calcium or magnesium carbonates. While it is 
true an attempt is made to guard against this later on, the 
matter is really left open by the statement in Section 4 of the 
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specifications that ‘where quicklime or hydrated lime is to be 
used for chemical or agricultural purposes, the desired content 
of calcium or magnesian oxides shall be specified in advance.” 
It seems to me that this statement qualifies other provisions of 
the specifications. Pulverized lime is defined as “‘lime reduced 
in size by mechanical means.”” A member jokingly remarked 
that a lump of lime hit with a sledge hammer is pulverized lime 
under this clause. The word “pulverized” has not the meaning 
conveyed here; I believe it is not the commercial term. What 
is referred to is known usually as “ground lime” or “crushed 
lime.” 

' The statement in Section 3 under the head of ‘“Agri- 
cultural,” reading, “As calcium and magnesium oxides play 
an important but distinct part as fertilizers,” etc., I think - 
should be omitted. The inference that there is a commercial 
demand for magnesium lime in agriculture is, I think, entirely 
unwarranted. I have already spoken of the provision which 
required the purchaser to specify the quality, that is, the percent- 
age of calcium and magnesium oxides desired when the lime is 
to be used for chemical or agricultural purposes. This, in a way, 
it seems to me, nullifies the specifications. If the percentage of 
lime and magnesium oxide were not specified, the delivery need 
comply with no specifications. In Section 8 (a) and (6), under 
“Chemical Tests,” is the statement, ‘‘Selected quicklime shall 
contain not under 90 per cent of calcium and magnesium oxides 
and not over 3 per cent of carbon dioxide. Run-of-kiln quick- 
lime shall contain not under 85 per cent of calcium and magne- 
sium oxides and not over 5 per cent of carbon dioxide.” ‘There 
is no requirement as to the percentage of lime; the material 
might be entirely magnesium oxide, under that clause. In 
Section 9, under “Building and Chemical Hydrates,” is the 
statement, “Building and chemical hydrates shall contain not 
over 5 per cent of carbon dioxide, and not under 1 per cent of 
water in excess of that required to fully hydrate the calcium 
oxide present”’; but there is no limit to the amount of moisture. 
Section 10 (a) reads: “High-calcium agricultural hydrates 
shall contain not over 5 per cent of magnesium oxide, and not 
over 10 per cent of carbon dioxide; and shall contain not under 
80 per cent of calcium and magnesium oxides figured on an 
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anhydrous basis.’ Limewater will comply with that clause. Mr. Veitch. 


It seems to me also that the statement in Section 12 (6) that 
“agricultural hydrate shall leave by weight a residue of not over 
10 per cent on a standard 20-mesh sieve,” is pretty severe on 
the user; that is a very large residue. 

The features I have pointed out substantiate, I think, my 
statement that the specifications are very faulty, being indefinite, 
poorly arranged and unfair to the user of lime. 

If it is proper at this time, I would move that these proposed 
specifications for lime be referred back to the committee for 
further consideration, to be brought up at the next meeting; 
and I should like to suggest further, if it is in order, that the 
personnel of the committee be suitably enlarged. There is, for 
example, no representative of the agricultural interests on the 
committee, and there should be such representation, it seems to 
me, if this committee is going to make specifications for agricul- 
tural limes; although I do not see why we should have specifica- 
tions for agricultural lime different from those for any other lime. 
The farmer wants pure lime just as much as the most exacting 
chemical industry. He does not want to pay freight on a lot of 
water or silica; he wants straight lime. 

Mr. Humpurey.—I wish to second the motion and in 
doing so I wish to say that this is no reflection on the committee. 
The committee has made progress and has tentative specifica- 
tions in print. I do not think that any interests will be seriously 
handicapped by delaying action on these specifications for 
another year. A casual reading of the report shows that the 
committee has left out many things, and I do not think the 
Society would be justified in sending out these specifications 
to letter ballot at this time and in their present form. 

Mr. W. E. Emtey.—An examination of these specifica- 
tions will show that hydrated lime is defined as a dry flocculent 
powder. It would therefore be impossible to ship a putty or 
milk of lime as hydrated lime. The agricultural part of these 
specifications was passed upon by Mr. Wheeler of the Rhode 
Island Experiment Station, who is recognized as one of the 
highest, if not the highest, authority on agriculture in the 
country. The use of magnesian lime for agriculture is some- 
times desirable. In bulletins published by the United States 
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Department of Agriculture, as well as the Experiment Stations, 
the statement has frequently been made that for ordinary 
agricultural purposes a ratio of two of available calcium oxide 
to magnesium oxide should be maintained in the soil. I am 
borne out in this statement by Mr. Fippins of Cornell University. 

In regard to specifying lime for chemical purposes: it is 
almost an endless task, because in the first place, lime is used 
for hundreds, if not thousands, of different chemical purposes, 
and there would have to be separate specifications for each 
purpose. Moreover, for several of these purposes, different 
manufacturers require different kinds of lime. They frequently 
have nothing except their own personal experience on which to 
base this requirement. They are not sure that their method is 
any better than the other man’s, but judging from their expe- 
rience, they demand a particular kind of lime. For instance, in 
the paper business, some men require a dolomitic lime and say 
there must be 40 per cent or more magnesia in their lime. 
Other men say that 15 per cent gives a good product and 
demand 15-per-cent-magnesian lime. In the iron industry, some 
sections demand a high-calcium limestone for the flux and some 
dolomitic. They have not been able to agree among themselves, 
so I do not see how we can be expected to write specifica- 
tions for the paper industry. When a man goes on the market 
to buy pulverized lime, the first question he is asked is, “What 
size do you want?” Different men want it for different pur- 
poses and will require different sizes. It seems to me that it 
is impossible, without greatly and unnecessarily multiplying the 
number of specifications, to attempt to cover either the chemical 
or pulverized fields. 

Mr. R. J. Wic.—The first impression I got from reading 
these lime specifications was the same as that obtained by Mr. 
Veitch and Mr. Humphrey, that the specifications are very 
inadequate and poorly drawn; but I believe it is rather a matter 
of form than substance that gives this impression on first 
reading. 

I think the committee has done very good work in so far 
as building lime is concerned, and has presented specifications 
which perhaps cover the field as well as it can be covered at the 
present time. As long as there are no specifications for build- 
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ing lime this is at least a good start toward such specifications. Mr. Wig. 


I should like to see the part which relates to building lime 
referred to letter ballot of the Society and adopted. 


Mr. CLoyp M. CHApMAN.—As a member of this committee, Mr. Chapman. 


I should like to point out that all of the points raised by Mr. 
Veitch have been much discussed at several meetings. I did 
not note down and cannot recall all of his objections, but let 
us take, for instance, his objection to the definition of lime. 
He states that under the definition as it stands a material which 
contains only a small percentage of calcium and magnesium 
oxide would be a “‘lime.” I should like to ask if he thinks such a 
material could ‘“‘be converted to a paste or a dry flocculent 
powder, by slaking.” The percentage of calcium oxide must 
be high enough for slaking, and if it is, it is high enough for some 
purposes. Lime, for many purposes, does not have to be pure, 
but according to the definition it must have enough calcium and 
magnesium oxide to “‘be converted to a paste or a dry flocculent 
powder, by slaking.” 

The other objections raised have the same general weakness. 
The specifications are more complete than they appear to be 
on the surface. Milk of lime cannot be sold as a hydrate under 
these specifications owing to the maximum amount of water 
not being specified, for the reason already stated by a previous 


_ speaker; namely, that hydrated lime must be “a dry flocculent 


powder.” 

And so with the other objections that have been raised; 
they are weak; none of them are new; and they have already 
been thoroughly discussed by the committee. The committee 
itself is not at all satisfied with these specifications as they now 
stand. It is a first attempt, a step in the right direction, which 
we hope will lead ultimately to satisfactory specifications. It is 
a fact that we are now where the steel industry was fifty 
years ago. What chance would the committees on specifica- 
tions for iron and steel have had fifty years ago for framing 
specifications such as we have to-day? Not a chance in the 
world. We cannot draw as perfect specifications now as we will 
when we know more about the subject. I think the objections 
raised have been made without careful consideration and proper 
study of the proposed specifications. If Mr. Veitch could have 


th 
y 
f 
5 
} 
i} 
od 
| 
| 
af 
‘ 


Mr. Chapman. 


The President. 


Mr. Spackman. 


326 DISCUSSION ON PROPOSED SPECIFICATIONS FOR LIME. 


attended some of the meetings of this committee the objections 
he has now raised would doubtless have been very largely 
explained to his satisfaction. 

THE PRESIDENT.—The motion is to refer the report back 
to the committee for further consideration with the understand- 
ing that it will be printed in the Proceedings. Are you ready 
for the question? 

Mr. SpACKMAN.—Under ordinary conditions I think such a 
course would be a very proper one, but this committee originated 
out of a crying need in the lime industry. At present there is 
absolutely no standard, no measure of quality, no method of 
deciding what is or what is not lime. As far as the general mar- 
ket is concerned anything that is white and will slake may be 
sold as lime. At the annual meeting of the National Lime 
Manufacturers’ Association, held in New York, January, 1912, 
the need of a standard specification was one of the most im- 
portant subjects of discussion, and by resolution the American 
Society for Testing Materials was requested by the National 
Lime Manufacturers’ Association to formulate standard speci- 
fications for limes, and as a result of that action this committee 
was appointed. If the recommended specifications are not 
accepted, I fear that the lime manufacturers as a whole will be 
bitterly disappointed. They look to us to give them something 
after a year and a half of waiting. Even though the proposed 
specifications are far from perfect, they are a step forward that 
will assure both manufacturer and consumer that lime of 
improper composition or of improper manufacture cannot be 
placed on the market. 

I should like to answer at this time a few of the other ques- 
tions in this connection. In regard to impurities, it is well known 
that any lime that contains much over 10 per cent of clay matter 
will not slake. I would also point out that the first page of the 
specifications is largely definitive of the terms used in the body 
of the specifications, and should not be considered separately 
from the same. 

The other questions raised by Mr. Veitch have, I think, 
been pretty well answered, with the exception perhaps of the 
question he raised as to the substitution of the term “pulverized 
lime” for “ground lime.” We admit that the use of the expres- 
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sion ‘pulverized lime” is a departure from common usage, but Mr. Spackman. 
it was made because a great many people, especially farmers, 

when they hear or see the expression “ground lime” think that 

it is some special kind of lime to be used on the ground for 

fertilizing purposes, and do not realize that it is simply lime that 

has been pulverized by grinding. 

Referring to the statement that there is no provision as to 

the fineness to which the lime may be ground, my answer is that 
we simply stated that pulverized lime shall be broken by 
mechanical means to distinguish it from that reduced by slaking. 
We did not consider the size to which it was to be broken, as 
this varies greatly, according to the use to which the lime is to 
be put. One use may require that it must be broken down to 
such size that it will pass through a quarter mesh sieve, and 
that not more than 10 per cent shall be retained in a 20-mesh 
sieve. Another use may require that it shall be much coarser, 
and still another may require the same fineness as cement. 

Mr. CHARLES WARNER (by letier)—As a member of Com- mr. Warner. 
mittee C-7, representing manufacturers of lime, I have been 
greatly interested in the progress towards standardizing lime 
products. To consumers as well as manufacturers the great 
variety of grades, the different degrees of preparation, and the 
styles and weights of packages have been most confusing; with 
the result that lime has frequently been used for wrong purposes 
at large loss to consumers, and expense, trouble and misunder- 
standing on the part of the manufacturers. 

Due to the increasing use of hydrated lime and the new 
brands constantly coming on the market, each with its own 
standard of quality and package, the confusion, misunderstand- 
ing, and faulty and unsafe use of these products is steadily 
increasing. 

Considerable quantities of hydrated lime of uncertain and 
unsafe composition are now finding their way into the highest 
class of construction and chemical uses. At the best such grades 
are only suitable for agricultural use. 

It is therefore time for this Society to act in the interest 
of both consumers and engineers, and I sincerely trust that it 
will give some stamp of approval, that may be of prompt public 
benefit, to the thoroughly drafted report of the committee. 
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Mr. Wic.—I move as an amendment to the motion, to refer 
back to the committee those sections of the specifications refer- 
ring to agricultural and chemical lime, but not the sections 
referring to building lime. [Amendment accepted by Mr. 
Veitch.] 

Mr. HumpHrey.—The specifications proposed by the com- 
mittee cover building, chemical and agricultural lime. It seems 
to me unwise to attempt to separate these specifications here by 
vote. The logical course would be to refer the whole report 
back to the committee so that the committee may report next 
year on separate specifications for the above three classes of 
lime. While I appreciate the desire of the committee to have 
these specifications referred to letter ballot now, I do not think 
it will hurt the cause to have action postponed for another 
year. 

[Mr. Wig’s amendment was then put to vote and lost, 
whereupon Mr. Veitch’s original motion to refer the specifica- 
tions back to the committee for further consideration was 
adopted.] 


| | 


REPORT OF COMMITTEE D-1 
ON 


PRESERVATIVE COATINGS FOR STRUCTURAL 
‘MATERIALS. 


Owing to the early meeting of the Society last year, Com- 
mittee D-1 did not render any report and therefore the present 
report shows the progress made since the last report of this 
committee, which appears in the Proceedings for 1911, page 173. 
The committee has held four meetings since July 1, 1911. 

Much against the wishes of the committee, Mr. S. S. 
Voorhees, who had been chairman for about ten years, insisted 
on being relieved and after unsuccessful efforts to cause him to 
change his mind his resignation as chairman was accepted at a 
meeting held November 26, 1912. The committee, on accepting 
Mr. Voorhees’ resignation, unanimously adopted the following 
resolution: 


“Committee E, now Committee D-1, was appointed before the Fifth 
Annual Meeting of the American Society for Testing Materials and made 
its first report to the Society in 1903. Practically ten years have passed 
since this committee was organized. We believe that a large part of the success 
of the committee’s work has been due to the interest, good judgment, and the 
effective personality of its chairman, Mr. S. S. Voorhees, who, after ten years 
of labor, feels called upon to resign the post of chairman. 

“It is with great regret that Committee D-1 accepts Mr. Voorhees’ 
resignation, and in doing so, desires to express to Mr. Voorhees, on behalf of 
the committee and its members, individually, the high regard in which he 
is held, and to pledge to him a continuance of this regard, and an earnest 
hope for his future welfare and happiness. 

“ Therefore, be it Resolved, That a copy of the above declaration be inserted 
in the minutes of this committee, and that a copy of this preamble and resolu- 
tion be suitably engrossed and presented to Mr. Voorhees.” 


Committee D-1 now has fifty-three members and that a 
large majority of them take active interest in the work done 
is shown by the fact that at the meeting held on April 18, 1913, 
in Washington, twenty-eight members attended, and among those 

(329) 


3 
Ay, 
> 
G 
{ 
| 
} 
‘ 
j 
fe: 


330 REPORT OF COMMITTEE D-1 


who were unable to attend were a number who have done a great 
deal of work. 

This committee has been very conservative in presenting 
specifications and at this meeting, after being in existence 
for ten years, submits its first recommendation of a specification 
for adoption by the Soicety, this being a specification for raw 
linseed oil made from North American seed. The data upon 
which this specification is based have been collected by the 
committee during several years of careful and painstaking work. 

There are also presented at this meeting certain ‘‘ Proposed 
Standard Definitions of Terms used in Paint Specifications,” 
with a recommendation that they be adopted by the Society. 

The work of the old Sub-Committee J on White Paint 
Tests having been completed with the installation of the Arling- 
ton test fence, this sub-committee has been discharged and a 
new Sub-Committee J on Inspection of the Arlington Test 
Fence has been created. 

The committee has adopted the following rules for the 
guidance of its sub-committees: 


1. Each sub-committee shall elect a secretary, who shall keep minutes 
of its meetings, etc., assist the chairman of the sub-committee in correspon- 
dence, notifying the members of meetings, etc., and confer with the Secretary 
of Committee D-1, in the preparation of reports. 


2. All records of sub-committees and its officers shall ultimately be trans- 
mitted to the Secretary of Committee D-1, for filing. 

3. No expense shall be incurred by any sub-committee except for postage 
or stationery, unless previously authorized by the Advisory Committee. 
Statements of the expenses of sub-committees shall be sent to the Secretary 
of Committee D-1, for payment quarterly dating from July 1. 

4. These rules shall go into effect at once. 


In addition to the work on hand it is expected to take up 
the study of volatile thinners other than turpentine, at an 
early date. 

Sub-Committee A, the Advisory Committee, has held 
three meetings; but as this sub-committee simply acts when it is 
not advisable to call a meeting of the whole committee, it has 
no formal report to render. 

Detailed reports are appended from Sub- Commmiliter B on 
the Inspection of the Havre de Grace Bridge, Sub-Committee 
C on the Testing of Paint Vehicles, Sub-Committee D on the 
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Inspection of Steel Plates at Atlantic City, Sub-Committee E 
on Linseed Oil, Sub-Committee F on Definitions of Terms used in 
Paint Specifications, and the old Sub-Committee J on Testing 
White Paints. Sub-Committee G on the Influence of Pigments 
on Corrosion, Sub-Committee H on Methods of Analysis of 
Paint Materials, Sub-Committee I on Varnish, and the new Sub- 
Committee J on Inspection of the Arlington Test Fence, have no 
formal reports to present. The chairman of Sub-Committee G 
on the Influence of Pigments on Corrosion, recommends that 
this sub-committee be discharged, but no action has been taken 
on this recommendation. 

The committee is indebted to various experts for valuable 
laboratory work. This is especially the case in the work of 
Sub-Committees C and J. In the report of Sub-Committee C 
the names of those making the tests appear. This is not the 
case in the report of Sub-Committee J, and the committee 
therefore takes this occasion to express its thanks to F. W. 
Smither, J. H. Bower, and G. C. Schmidt of the Bureau of 
Chemistry, and A. N. Finn of the Bureau of Standards, for the 
very complete series of analyses of the pigments; to A. C. 
Belden of the National Lead Co. for the classification tests on 
the pigments; and to B. J. Howard of the Bureau of Chemistry 
for the complete series of microphotographs. 

The detailed reports of the various sub-committees follow 
this report. 


Respectfully submitted on behalf of the committee, 


Percy H. WALKER, 
Chairman. 


G. W. THompson, 
Secretary. 


sem 
. 
= 
| 
| 
| 
- 
| 
| 
| 
a 


REPORT OF SUB-COMMITTEE B ON 
INSPECTION OF THE HAVRE DE GRACE BRIDGE, 


Growing out of reports of several sub-committees in Decem- 
ber, 1904, previously appointed to study and devise methods 
with recommendations for carrying these out, the Havre de 
Grace Bridge tests were inaugurated in the summer and autumn 
of 1906 through the courtesy of the Pennsylvania Railroad Co. 
in placing at the disposal of the committee such part of their new 
bridge over the Susquehanna River as might be determined 
necessary. 

To communications addressed to prominent paint manu- 
facturers of the country stating the opportunity offered for such 
a comparative service test never previously undertaken under 
like circumstances, replies were received from sixteen express- 
ing their preparedness to enter the trial test. The expenses of 
this test were assumed by the several competitors under an esti- 
mate of cost by the committee and a pro rata assessment. 


List OF CONTRIBUTORS. 


Name. Address. 

Devoe & Reynolds.............. |New York City, N. Y..... 2 
Eagle White Lead Co........... Cincinnati, Ohio.......... 1 
Felton, Sybley & Co............ Philadelphia, Pa.......... 1 
Frazier Paint Company.........| Detroit, Mich............ 1 
Harrison Brothers...............| Philadelphia, Pa.......... 1 
John W. Masury & Son......... 1 
OS ere New York City, N. Y..... 1 
National Lead Company........ 1 
Patton Paint Company......... Milwaukee, Wis.......... 1 
Rinalds Brothers................| Philadelphia, Pa.......... 1 
The Sherwin Williams Co........ Cleveland, Ohio........... 3 
New York City, N. Y..... 1 
Wadsworth, Howland Co........ Boston, Mass............. 1 

1 


The A. Wilhelm Co............. | 


The steel plates were contributed by the United States Steel Co. 
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The actual application of each of the nineteen paints sub- 
mitted by sixteen different manufacturers, was made both on 
steel plate panels, three each, at the several spreading rates of 
600, 900 and 1200 sq. ft. per gallon of paint, as well as on sec- 
tions of the bridge proper, where very naturally the spreading 
rate could not be as absolutely controlled as in the case of the 
plate panels, but where the natural spreading rate would most 
probably apply. Neither in the case of the bridge sections 
was the metal surface as specially prepared as were the plate 
panels, though undoubtedly the structure was in better condi- 
tion for field painting than is usually the case, effort being made 
to clean the structure as well as possible before applying the 
paint. 

Reports have been made from year to year on existing plate- 
panel conditions—of late years more in detail than was possible 
at the earlier test periods and attention has been called at vari- 
ous times to certain of the paints on the bridge sections at that 
time warranting special notice. 

The last inspection of ‘the Havre de Grace Bridge was held 
on Friday, May 3, 1912, with a very full attendance of the 
inspection committee and a number of other members of Com- 
mittee D-1, the day being devoted to special examination of the 
panels under the same schedule of marking used on previous 
inspections with the customary divisions, namely: 


Checking, Cracking, Alligatoring, Etc. 
General Surface Conditions. 


with the following marking for each: 


The results of this inspection are given in Table I,showing 
ratings by nine individual inspectors or pairs of inspectors, for 
each of the three different rates of spreading of each paint, 
and in Table II, showing average rating of these same nine 
inspectors of each paint, covering all rates of spreading. These 
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TABLE I.—INSPECTivs yt GENERAL SURFACE CONDITIONS. 
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TABLE II.—INSPECTION OF GENERAL SURFACE CONDITIONS. 
Compttep AveraGe or ALL Rates—600, 900, 1200 Sq. Fr. 


| 
ing | Aiken | McNaughton | 
and an Polk. Tassin. | White. Lawrie. | Sabin. | Average. 
Force.| Thompson | | | 

1 | 6.5 7.0 87 | 48 | 83 | 73 | 75 | 7.7 | 8.0 | 7.0 
2 2.7 0.0 1.0 2.4 0.7 | 0.0 3.0 2 | 2 i 88 
3 | 6.7 8.0 5.7 5.0 6.0 | 4.3 5.5 6.0 9.2 | 63 
4 | 7.0 6.0 3.3 5.7 7.5 2.3 4.3 8.0 8.0 5.8 
5 | 8.0 9.0 5.0 7.5 8.3 7.3 4.7 Pe 9.7 7.3 
6 | 7.8 9.0 6.0 8.7 9.2 8.0 5.7 8.3 | 10.0 8.0 
7 | 5.7 3.3 3.3 5.3 4.3 2.3 4.3 5.7 8.0 5.1 
8 | 8.3 8.0 40 | 6.5 5.7 6.7 6.5 7.0 8.7 6.7 
9 4.0 5.0 2.3 | 2.0 2.7 | 0.7 3.7 3.7 | 7.3 3.5 
10 7.7 9.0 7.8 | 10.0 8.7 8.0 7.0 7.0 | 10.0 8.3 
| 8.7 9.0 80 00 95 | 80 8.0 90 10 89 
12 7.0 7.0 6.5 | 7.4 6.3 | 3.7 | 7.0 9.6 6.9 
13 6.7 5.0 3.3 | 4.7 3.3 ; 1.3 4.3 5.0 8.0 4.6 
14 | 8.3 8.0 6.5 | 8.8 8.5 ‘| 5.0 7.3 7.0 9.7 (Pi 
15 | 1.0 0.0 03 | 0.0 00 0.0 0.3 3.0 5.2 1.2 
16 | 7.5 7.0 5.0 7.8 6.0 | 4.0 6.0 6.7 8.7 | 6.5 
6.0 6.3 | 5.8 6.0 6.7 7.8 6.5 
18 | 8.0 8.0 6.3 8.7 8.2 | aS | £3 | 62 | B28 i Ts 
19 | 6.7 7.0 5.7 4.3 oF 1 6S | 623 | 72 | OS | BS 


| 


TABLE III.—CLASSIFICATION FROM TABLES I AND II. 


sates | Panel Spreading Rate, sq. ft. per gal. ‘ia 
ain ridge 
No. | | Sections. 
| 600 900 1200 
1 | Il Il Ill | Il Il 
2 
3 II Ill V Ill II 
4 Ill IV V IV IV 
5 II II Ill II II 
| I I 
7 lit IV Vv IV IV 
8 Ill Ill | Ill II 
10 I I I I 
ll I I | I I 
12 Il IV Ill ll 
4 I Il II Il II 
16 I Ill | IV | Ill II 
17 I IV Ill } Ill II 
18 II Ill Il II 
19 Vv Ill IV IV IV 
Description or CLasses. 
Class. Averaging. 600 sq. ft. 900 sq. ft. | 1200 sq. ft. Description. 
I 8-9 8.4 8.4 | 8.2 Quite excellent 
II 7-8 7.4 7.5 7.0 Quite good 
Ill 6-7 6.6 6.6 6.1 Good 
I 5-6 5.3 5.8 | 5.3 Fair 
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TABLE IV.—SUMMARY FROM TABLE III, SHOWING THE PAINTS FALLING 
IN THE VARIOUS CLASSEs. 


Panel Spreading Rate, sq. ft. per gal. 


Bridge 
Class. Average. 
600 900 1200 
I | 6, 10, 11, 12, 6, 10, 11. 6, 10, 11. 6, 10, 11. 6, 10, 11. 
14, 18. 
Il 1, 3, 5, 8, 16, 17. | 1,5, 12, 14, 18. 14. 1, 5, 14, 18. 1, 3, 5, 8, 12, 14, 
| 16, 17, 18. 
lll 4,7, 13. 3, 8, 16, 19. 1,5, 8, 17,18. | 3,8, 12, 16, 17. eee 
IV 9, 19. 4, 7, W. 12, 16, 19. 4, 7, 19. 4, 7,9, 13, 19. 
| 
Vv | 2, 15. 2, 9, 13, 15. 2, 3, 4, 7, 9, 13, 2, 9, 13, 15. 2, 15. 
| 15. 


tables cover only division C (general surface conditions) such 
being considered at this time the most important point as defin- 
ing the protective value of the paints. Table III shows a classi- 
fication of the data in Tables Iand II. Table IV is a summary 
prepared from Table ITI. 

In analyzing these “general surface condition” averages of 
the several rates of spreading, the results have been divided 
arbitrarily into five classes, as follows: 


Class I, including paints with average markings between 8.0 
and 9.0; quite excellent. : 

Class II, including paints with average markings between 7.0 
and 8.0; quite good. 

Class III, including paints with average markings between 6.0 
and 7.0; good. 

Class IV, including paints with average markings between 5.0 
and 6.0; fair. 


Class V, including paints with average markings below 5.0; poor 
or failed. 


We find under the 600-sq-ft. rate of spreading: 


Six paints (Nos. 6, 10, 11, 12, 14 and 18) with an average of 8.4, 
designated as quite excellent in Class I; 

Six paints (Nos. 1, 3, 5, 8, 16 and 17) with an average of 7.4, 
designated as quite good in Class IT; 

Three paints (Nos. 4, 7 and 13) with an average of 6.6, desig- 
nated as good in Class III; 
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Two paints (Nos. 9 and 19) with an average of 5.3, designated as 
fair in Class IV; and 
Two paints (Nos. 2 and 15) which have failed. 


We find under the 900-sq-ft. rate of spreading: 


Three paints (Nos. 6, 10 and 11) with an average of 8.4, desig- 
nated as quite excellent in Class I; 

Five paints (Nos. 1, 5, 12, 14 and 18) with an average of 7.5, 
designated as quite good in Class IT; 

Four paints (Nos. 3, 8, 16 and 19) with an average of 6.6, desig- 
nated as good in Class III; 

Three paints (Nos. 4, 7 and 17) with an average of 5.8, designated 
as fair in Class IV; and 

Four paints (Nos. 2, 9, 13 and 15) which are poor (Nos. 9 and 13) 
or have failed (Nos. 2 and 15)—these last two being those 
marked as failing under the 600-sq-ft. spreading rate. 


We find under the 1200-sq-ft. rate of spreading: 


Three paints (Nos. 6, 10 and 11) with an average of 8.2, desig- 
nated as quite excellent in Class I; 

One paint (No. 14) with an average of 7.0, designated as quite 
good in Class IT; 

Five paints (Nos. 1, 5, 8, 17 and 18) with an average of 6.1, 
designated as good in Class III; 

Three paints (Nos. 12, 16 and 19) with an average of 5.3, desig- 
nated as fair in Class IV; and 

Seven paints (Nos. 2, 3, 4, 7, 9, 13 and 15) which are marked 
poor (two), or to have failed (five). Two of these failed 
on previous spreading rates, two are noted in Class IIT and 
one in Class IV, even under the 600-sq-ft. spreading rate. 


Note that the three paints in Class I under the 900 and 1200- 
su-ft. rate of spreading are identical with three of the six in this 
saine class under the 600-sq-ft. rate. Note also that the other 
three in Class I under the 600-sq-ft. rate drop into Class II under 
the 900-sq-ft. rate, and that only one of these barely maintains 
its standing in this class under the 1200-sq-ft. rate, the other 
two dropping, one into Class III and the other into Class IV. 

Note that of the six paints originally in Class II under the 
600-sq-ft. rate of spreading, only two maintain this standing 
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under the 900-sq-ft. rate, and none maintain such standing under 
the 1200-sq-ft. rate. 

Note that of the three paints originally in Class III under 
the 600-sq-ft. rate of spreading, none maintains this standing 
at the 900-sq-ft. rate and all disappear as poor or failures under 
the 1200-sq-ft. rate. 

Note that of the two paints originally in Class IV under the 
600-sq-ft. rate of spreading, one has no standing in either the 
900 or 1200-sq-ft. rate, but the other ascends to Class III 
under the 900-sq-ft. rate, which is rather anomalous, but tends 
to show that its natural spreading rate is apparently 900 sq. ft. 
per gallon and not 600 sq. ft. as the bulk of the other paints 
show, although it may be noted here that the three paints which 
appear in Class I under all three rates of spreading are apparently 
equally without any distinctive natural spreading rate. 

The inspection of the bridge proper, from which conclu- 
sions are hereafter drawn relative to the protective value of the 
different paints thereon, was made Friday, May 24, by the 
Chairman, assisted by Messrs. Anderson Polk and Wirt Tassin, 
both of the inspection committee. 

Three paints (Nos. 6, 10 and 11) in Class I, under each of 
the separate spreading rates, may each well be designated as 
excellent on the bridge sections, though they vary slightly in 
degree of merit. What differentiates these paints from all 
others under observation is the fact that while all the other 
paints except one furnish their best protection, such as it is, 
under the 600-sq-ft. rate of spreading and are generally mark- 
edly less effective under the thinner film rate, these three show 
such slight variation under different rates of application as to 
appear equally protective under either. Further, these three 
paints show more concordant results between the test panels 
and the bridge sections than any others. 

This is not to be interpreted as meaning that there is no 
evidence of failure of these paints on the bridge proper, for 
there is some deterioration taking place; but the protection 
as a whole is to-day excellent and concordant with the panel 
observations as being very nearly identical in showing. 

Nine paints, three (Nos. 12, 14 and 18) being of Class I, 
under the 600-sq-ft. spreading rate—referred to in our pre- 
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vious analysis of the panel inspection as falling into the next 
class under the 900-sq-ft. rate—and six paints (Nos. 1, 3, 5, 8, 
16 and 17), originally of Class II, under the 600-sq-ft. rate, 
deserve possibly a higher rating than Class II on the bridge 
proper, since the protection furnished, while failing here and there 
as have practically all the paints in spots,—for which there may 
be more or less local explanation,—is generally effective. These 
nine paints, while not in a class with the three paints specifically 
referred to above as being in a class by themselves, show upon 
the bridge proper much better protection generally than on 
their corresponding best panels, and may be designated on the 
bridge as very good—certainly superior to the quite good of 
the panels. In some instances, however, notably paint No. 1, 
failure may occur at any time, in our opinion, despite the present 
apparent protection being furnished. Paint No. 1 is apparently 
in much better condition than close examination shows it to be 
in reality. 

Of the remaining seven paints, paint No. 2, while markedly 
better than its panels, which have practically entirely failed 
even at the 600-sq-ft. spreading rate, should be eliminated. 

Paint No. 4 needs attention, as it is only furnishing protec- 
tion about equal to its best panel showing, which is marked 
good; but the paint on the bridge section, we think, might well 
be replaced. 

Paint No. 7, while appearing in a very low class under the 
900-sq-ft. spreading rate and as failed under the 1200-sq-ft. 
rate in the panels, is in as good condition on the bridge proper 
as in its panels on the 600-sq-ft. rate, but we think that the life 
of the paint has about ended on its bridge section. 

Paint No. 9 on the bridge proper needs replacement, though 
it is fully equal to its best panel, which is only fair. 

Paint No. 13 on the bridge proper, though better than its 
best panels, should be replaced. 

Paint No. 15, though better than its panels, should be 
replaced. 

Paint No. 19 needs replacing, though only in part at present, 
being in much better condition than its best panel, which while 
of low class rating has not-been marked as a failure. 
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The analyses of all paints were given originally in Vol. 
VIII of the Proceedings (1908), and can be located therefrom by 
their numbers as given in this report." 

As originally contemplated, an attempt has been made to 
classify the paints from their eae daeaaaiae but it has been found 
impracticable so to do. 

At our request the Pennsylvania Railroad Co. agreed to 
having inspection made of this section of the Havre de Grace 
bridge and the panel tests by themselves and the representa- 
tives of other railroads. The reports of these inspections are 
appended hereto, together with a tabular comparison of these 
reports and those obtained by our own inspectors. 


Respectfully submitted on behalf of the sub-committee, 


W. A. AIKEN, 
Chairman. 


1Pp. 173 ff. of Vol. VIII, in which the panel numbers correspond to the paint numbers 
given herewith. 
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APPENDIX. 


REPORTS OF INSPECTION OF HAVRE DE GRACE BRIDGE 
BY VARIOUS RAILROADS. 


PENNSYLVANIA RAILROAD COMPANY. 
PHILADELPHIA, April 10, 1913. 
Mr. W. A. AIKEN, 
Chairman, Sub-Committee B, Committee D-1, 
American Society for Testing Materials. 
Dear Sir: 

Referring to our conversation of recent date, I have to advise you that 
my assistant, Mr. Robert Farnham, Jr., made an examination of the paint- 
ing of the plates and on the bridge truss proper at the Havre de Grace Bridge, 
on March 6 last, in company with Mr. Samuel Tobias Wagner, Assistant 
Engineer, Philadelphia and Reading Railway Co., and reports as follows: 


The painting on the plates and trusses were divided into five classes 
as follows: Excellent, Good, Fair, Poor, and Failure. 

For the purpose of rating, the paint on the plates marked ‘1200 sq. 
ft.” is called A; plates marked ‘900 sq. ft.,” B; plates marked ‘600 sq. ft.,” 
C, and bridge trusses D. 

After a careful examination, I have rated the paints as follows: 


Paint No. <A B Cc D 
Poor Poor Fair Good 
Failure Failure Poor Fair 
ee Poor Fair Good Fair 
Oe Poor Poor Fair Poor 
re Good Excellent Excellent Excellent 
Good Excellent Excellent Excellent 
Poor Fair Fair Fair 
Failure Poor Good Fair 
| Ene Good Excellent Excellent Good to Excellent 
| ree Good Good Excellent Good 
| ee Good Good Excellent Fair to Good 
Failure to Poor Poor Good Fair 
ee Fair Fair Fair to Good Fair 
Poor Failure Failure Poor 
Peer! Poor Fair Fair Good 
Fair Fair Good Good 
ORE Fair Good Excellent Good 
Oe Fair Fair Fair Fair 
Yours truly, H. R. LEONARD, 
Engineer of Bridges. 
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THE BALTIMORE AND OHIO RAILROAD COMPANY. 


BALTIMORE, March 29, 1913. 
Mr. W. A. AIKEN, 


Chairman, Sub-Committee B, Committee D-1, 
American Society for Testing Materials. 
Dear Sir: 

Referring to yours of March 1, requesting that inspection be made of 
the preservative coatings on the Pennsylvania Railroad Bridge at Havre de 
Grace, I attach hereto copy of report from Assistant-Engineer-of-Bridges 
Edwards to Engineer-of-Bridges Bouton, which I trust will serve your purpose. 

If consistent, would appreciate it if you will let me know the names of 
the manufacturers of the paints indicated by numbers, and also the trade 
names under which the paints are sold. 


Yours truly, F. L. Stuart, 
Chief Engineer. 


March 25, 1913. 
Mr. W. S. Bouton, 


Engineer of Bridges. 
Dear Sir: 


In compliance with your instructions, I mad? an examination on the 
24th instant of the condition of the paint on the test sheets, placed on the 
Pennsylvania Railroad bridge at Havre de Grace by Committee D-1 of the 
American Society for Testing Materials. In making this inspection I graded 
each of the test sheets as to general condition, using the standard system of 
numbering from 0 to 10, which has been adopted by the Committee in their 
previous reports on these tests. The following table shows the average of 


these gradings for each of the three rates of application, and also the general 
average for each paint. 


Average Average Average 
Paint No. Condition, | Condition, | Condition, pers Bridge. 
Sheets I. Sheets IT. Sheets III. J 
7.0 7.3 7.2 7.3 
0.0 05 | 3.2 
6.8 8.3 8.5 7.8 7.8 
6.5 7.3 7.2 6.9 3.5 
8.3 9.3 9.4 9.0 9.0 
8.9 9.2 8.6 8.9 8.9 
3.2 7.2 8.8 6.3 6.3 
7.5 8.2 8.9 8.0 8.0 
0.2 3.5 4.7 2.7 2.7 
9.0 9.5 9.5 9.3 9.3 
9.5 9.5 9.5 9.5 9.5 
7.8 8.8 8.8 8.4 8.4 
2.3 4.7 8.2 5.1 8.2 
8.0 8.5 9.0 8.5 8.5 
4.3 0.7 0.8 2.1 2.1 
6.1 8.6 8.8 aoe 7.5 
7.3 7.0 | 7.5 7.3 7.3 
6.8 7.0 | 8.2 7.4 7.4 
7.3 7.3 7.1 7.1 7.0 
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The general condition of the paint on the bridge is about the same as 
that on the test sheets, for Paints Nos. 1, 3, 6, 10, 12, 14, 17 and 18. 

For Paint No. 2 the general condition on the bridge is about the same 
as that represented by Sheets III, and the rust is showing through the paint 
very generally. 

The general condition of Paint No. 4 on the bridge is quite poor, being 
only about 50 per cent as good as shown by the test sheets. 

Paint No. 5 is in slightly better average condition on the bridge than 
on the test sheets, but the correspondence between the two is very close. 

The condition of Paint No. 7 on the bridge is very uneven, being excel- 
lent in places and almost a complete failure elsewhere. The general average 
is about the same as on the test sheets. 

The condition of Paint No. 8 on the bridge is not quite so good as that 
on the test sheets. On horizontal surfaces the paint is practically dead and 
the metal exposed and rusted. 

Paint No. 9 is entirely gone from the bridge in places, but is in fair con- 
dition on protected surfaces. The test sheets indicate that this paint is just 
about at the point of complete failure where exposed. 

The condition of Paint No. 11 on the bridge, while excellent, is not 
quite so good as shown on the test sheets. 

The condition of Paint No. 13 on the bridge will average about the 
same as on Sheets III, and the better one of Sheets II. There is no consider- 
able area where the conditions are as bad as indicated by Sheets I. 

The condition of Paint No. 15 on the bridge is poor, but is considerably 
better than that shown on the test sheets, except over limited areas. 

The condition of Paints Nos. 16 and 19 on the bridge is slightly worse 
than that shown on the test sheets. 


Yours truly, W. R. Epwarps. 
Asst. Engineer of Bridges. 


PHILADELPHIA AND READING RAILWAY COMPANY. 
PHILADELPHIA, March 7, 1913. 
Mr. W. A. AIKEN, 
Chairman, Sub-Committee B, Committee D-1, 
American Society for Testing Materials. 
Dear Sir: 

Referring to our recent interview in which you asked me to have some- 
one in this Company examine the paints on the Susquehanna River Bridge 
at Havre de Grace, Pennsylvania Railroad, in connection with the .work of 
the American Society for Testing Materials, I beg to advise you that I turned 
this matter over to Assistant-Engineer Wagner for his attention, and he 
advises me that he has been in consultation with you and that-you asked 
him to prepare a report covering this matter. 

I am handing you this report herewith, and trust that you will find it 
satisfactory. 


Yours truly, W. Hunter, 
Chief Engineer. 
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March 7, 1913. 
Mr. W. A. AIKEN, 


Chairman, Sub-Committee B, Committee D-1, 
American Society for Testing Materials. 
Dear Sir: 

Complying with your recent request, I visited the Susquehanna River 
Bridge of the Pennsylvania Railroad, at Havre de Grace, yesterday, accom- 
panied by Mr. Robert Farnham, Jr., Assistant Engineer, Pennsylvania Rail- 
road Co., and made an examination of the painting of the panels of plates 
and the paint on the bridge trusses proper. 

Separate notice was taken of the following specimens under each num- 
ber of the paint as applied: 

A. Panel (plate) marked 1200 sq. ft. 
B. Panel (plate) marked 900 “ 
C. Panel (plate) marked 600 “ 
D. Bridge trusses. 

As to the character of the paint at the present time, I have endeavored 
to describe it under the following headings: 

Excellent, Good, Fair, Poor, and Failure. 

According to my best judgment, the ratings would be as follows: 


Paint No. A B ie D 
Poor Poor Fair Good 
Failure Failure Poor Fair 
Poor Fair Good Fair 
Poor Poor Fair Poor 
SRE Good Good Excellent Excellent 
Good Excellent Excellent Excellent 
Failure Good Excellent Good 
Poor Fair Fair Fair 
Failure Poor Good Fair 

Good Good Excellent Good 

Sa ee Good Good Excellent Fairly Good 

Poor to Failure Fair Good Fair 

Fair Fair Fair Fair 

_ Poor Failure Failure Poor 

Poor Fair Fair Good 

Fair Fair Good Good 

Re ee Fair Good Excellent Good 

Fair Fair . Fair Fair 


The records under heads A, B and C covered the average of three plates 
of A and C, respectively, and but two plates of B. One plate of B of each 
paint had been removed from the bridge. 

Respectfully submitted, 
SAMUEL TOBIAS WAGNER, 
Assistant Engineer. 
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NEW YORK CENTRAL AND HUDSON RIVER RAILROAD 
COMPANY. 
New York, April 5, 1913. 

Mr. W. A. AIKEN, 

Chairman, Sub-Committee B, Committee D-1, 

American Society for Testing Materials. 

Dear Sir: 

On the Ist instant we made the examination that you requested of the 
paint tests on the Havre de Grace bridge. 

The following schedule gives the averages of our marks as representing 
the general surface conditions; these apply to the test plates only: 


| Spreading Rate, sq. ft. per gal. 


Average. 
1200 900 600 
5.0 5.0 5.5 5.2 
1.5 2.5 4.0 2.7 
5.5 8.0 8.0 7.2 
5.0 6.0 7.0 6.0 
6.0 | 7.25 8.25 7.2 
7.0 8.0 8.0 7.7 
3.0 | 5.0 8.0 5.3 
4.5 5.75 7.75 6.0 
2.0 3.5 50 3.5 
5.0 8.0 9.25 7.4 
5.5 7.0 8.5 7.0 
3.75 | 6.0 6.5 5.4 
5.0 6.0 7.25 | 6.1 
5.5 | 5.5 5.5 5.5 


The marks are on the basis that you described in your letter of the 
19th ult., as follows: 

10 to 8, excellent; 8 to 6, good; 6 to 4, fair; 4 to 2, poor; and 2 to 0, failed. 

There was a high wind blowing when we made our examination, and 
we noticed that some of the fastenings were broken or loosened, so there 
seemed to be some danger of some of the plates being lost if these fastenings 
are not repaired soon. 

We noticed that a number of the plates were missing, usually those of 
the 900-sq-ft. spreading rate, and not more than one of the three plates in 
each case. These, we understand from information received at the Pennsyl- 
vania Railroad Company Supervisor’s office adjacent to the bridge, had 
been removed intentionally. 


Yours very truly, 


A. W. CARPENTER, 


Engineer of Structures, Ext. Zone. 
J. L. Hotst, 


Engineer of Structures, Elec. Zone. 
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April 9, 1913. 
Mr. W. A. AIKEN, 
Chairman, Sub-Committee B, Committee D-1, 
American Society for Testing Materials. 


Dear Sir: 


Acknowledging receipt of yours of April 8, in the matter of test plates 
on the Havre de Grace Bridge: 

Mr. Carpenter and I will give you a statement some time next week 
covering our opinion of the relative merits of the paints as applied to the 
plates and as applied to the structure. 


Yours very truly, 


J. L. Heuer, 
Engineer of Structures. 


April 16, 1913. 
Mr. W. A. AIKEN, 
Chairman, Sub-Committee B, Committee D-1, 
American Society for Testing Materials. 
Dear Sir: 


Conforming to yours of April 8, we have the following statement to 
make, concerning condition of paint films on the Havre de Grace Bridge as 
compared with the films on experimental plates. 

Generally speaking the films on the bridge are superior to same on plates, 
especially if comparison’is made between plates and vertical surfaces on the 
bridge. The horizontal surfaces on the bridge are in general in worse con- 
dition than the vertical surfaces. The films on the vertical surfaces of posts 
having the same exposure as the plates were, in most cases, distinctly superior 
to the films on the plates. 

Detail observations on each group are as follows: 

Group 1.—Bridge films better than plate films. Do not differ much, 
however, from films on ‘‘600”’ plates. 

Group 2.—Bridge films distinctly better than plate films. 

Group 3.—Plate films better than bridge films. The films on the bridge 
were, in general, in slightly worse condition than films on ‘‘1200” plates. 
Poor condition of paint films on bridge especially noticeable on horizontal 
surfaces and bottom chord. 

Group 4.—Bridge films considerably inferior to plate films, especially 
on horizontal surfaces and bottom chord. 

Group 5.—Bridge films better than plate films. Slightly better than 
the “600” plates, especially superior on face of post having same exposure 
as plates. 
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Group 6.—Bridge films slightly inferior to plate films. Mainly due to 
relatively poor condition of paint films on horizontal surfaces. 

Group 7.—Bridge films better than plate films. Bridge films compare 
favorably with films on ‘‘600”’ plates. 

Group 8.—Bridge films inferior to plate films. Bridge films compare 
with films on “1200” plates. Comparative inferiority of bridge films due 
largely to poor condition of films on horizontal surfaces. 

Group 9.—Bridge films in approximately same condition as films on 
“900” plates and are considered superior to films on “1200” plates, but 
inferior to films on “600” plates. Horizontal surfaces on the bridge are in 
very poor condition. Vertical surfaces not so bad. 

Group 10.—Bridge films superior to plate films. The films on the ‘‘600” 
plates are the best of the plate films and are considered slightly inferior to 
the bridge films. Film on the bridge is thin, is checking and chalking. Not- 
withstanding this there seems to be at present first-class protection. 

Group 11.—Bridge films in approximately same condition as plate films. 
Material is chalking somewhat but affords first class protection. 

Group 12.—Bridge films superior to films on “1200” plates and inferior 
to films on “600” plates. In approximately same condition as films on 
“900” plates. 

Group 18.—Bridge films better than plate films. The best plate films 
are on the ‘‘600"’ plates and the bridge films appear superior thereto. This 
is especially true on vertical surfaces. 

Group 14.—Bridge films slightly inferior to films on ‘‘600” plates and 
superior to films on ‘900”" and “1200” plates. The comparison in this 
case was difficult by reason of the fact that the material did not seem to © 
act the same on the bridge as on the plates. On the plates pitting was dis- 
tinctly noticeable and there seemed to be no scaling, whereas on the bridge 
paint had scaled off in a number of instances over areas of 2 or 3 sq. in. 
and there was relatively a small amount of pitting. If the scaling on the 
bridge is attributed to faulty execution and disregarded, the films on the 
bridge are superior to the plate films. 

Group 15.—Bridge films better than plate films. They are only slightly 
superior, however, to films on the “1200” plates. 

Group 16.—Bridge films better than plate films. Films on ‘‘600”’ plates 
are the best of the plate films and films on the bridge are slightly superior to 
these. 

Group 17.—Bridge films are in about the same condition as films on 
“900” and ‘‘ 1200” plates and are inferior to films on “600” plates. 

Group 18.—Bridge films better than plate films especially on the ver- 
tical surfaces. Would rate bridge films as slightly better than films on 
“600”’ plates. 

Group 19.—Bridge films better than plate films. Bridge films are espe- 
cially superior on vertical surfaces. 

In making the above comparisons we used the paint on that portion 
of the bridge which was accessible from the temporary platform as represent- 
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ing the general condition of paint on the bridge. Paint on top chord and 
floor system was not examined. 


Yours very truly, 


J. L. Host, 

Engineer of Structures, Elec. Zone. 
A. W. CARPENTER, 

Engineer of Structures, Ext. Zone. 


NORFOLK AND WESTERN RAILWAY COMPANY. 


ROANOKE, VA., April 17, 1913. 
Mr. W. A. AIKEN, 
Chairman, Sub-Committee B, Committee D-1, 
American Society for Testing Materials. 
Dear Sir: 

In accordance with your letter of March 5, I inspected the various 
paints on test on the Havre de Grace Bridge in company with Mr. J. H. 
Gibboney on March 26. I returned to Roanoke on March 27, and almost 
immediately after my return received notice of high water in Ohio which 
called me to the western end of our line where we were cut off by high water 
for two weeks, and it was impossible for me to make a report sooner, as I 
only returned to my office, where I had left all my data, yesterday morning. 
I very much regret this delay and hope you will excuse the same. 

I found it a very difficult matter to make an entirely just rating of the 
various paints, and in order to aid my judgment in the matter I selected 
five different points in the various panels and gave each panel a rating for 
each point, after which I took a general average of the five ratings as being 
the rating for the panel. I have assumed that any paint which will prevent 
any marked corrosion under the conditions of service at this point for a period 
of six years should be rated as good, even though the panel at the end of 
the six years requires re-painting. 

Following the rating laid down in your letter to Mr. Churchill of March 
1, that is, 8 to 10 being excellent, 6 to 8 being good, 4 to 6 being fair, 2 to 4 
being poor and 0 to 2 being failed, I rate these paints as follows: 


Paint No. Rating. |Paint No.| Rating. ‘Paint No| Rating. Paint No, Rating. 
1 | 5.9 | 6 | 7.9 11 | 7.5 | 14 | 7.6 
2 | 5.6 | 7 | 6.9 12 | 7s | ww | «€e 
3 | 5.6 8 S35 | 8 6.5 18 7.0 
4 | 6.1 9 | 6.5 14 7.1 | #19 6.5 
5 | 7.9 | | 73 | | 


Yours truly, 


J. E. CRAwForD, 
Bridge Engineer. 
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COMPARISONS OF RATINGS BY SUB-COMMITTEE B AND OUTSIDE INSPECTIONS 
; OF PAINTs, ON BRIDGE SECTIONS, HAVRE DE GRACE BRIDGE, 
Marcu, 1913—ONE YEAR APART. 
| 
| New York | 
Sub-Com- | Penn. Baltimore | | Centrald | Norfolk & 
Description. mittee B. sylvania | & Ohio | Reading Hudson Western 
1912. -R.Co. | R.R.Co. | Ry. Co. River Ry. Co. 
1913. | 1913. 1913. R.R.Co. | 1913. 
1913. 
| 
6 | 6 1 6 6 6 
10 10 10 10 10 10 
3 3 = 3 
il 11 11 11 11 | 11 
1 1 1 1 
5 5 5 5 5 5 
a ee 12 12 12 12 12 12 
elent o 
14 14 14 14 
16 16 6 | 16 16 
17 17 17 17 17 
18 18 8 | 18 18 
7 ao | 7 7 
13 a 13 
| 19 | 19 
9 
| 
4 4 
9 9 | 9 
13 13 | 13 13 | 
19 © 19 19 19 
14 14 
, | 8 s | 8 8 8 
3 3 4 
2 2 - 2 
16 
| 17 
18 
1 
15 
4 4 
15 ais 15 15 
9 9 
2 
2 2 
{ 15 15 
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REPORT OF SUB-COMMITTEE C ON PAINT VEHICLES. 


After the completion of a series of preliminary experiments 
made to determine whether semi-drying oils could be treated 
so as to be improved in their drying value, a mecting of Sub- 
Committee C was held in Brooklyn, N. Y., on March 3, 1912. 
The meeting was attended by Messrs. Thompson, Pickard, 
Sabin, Toch, Schaeffer, Lane, Ingalls, Voorhees, Nemzek, Bough- 
ton, White, Rogers, Lawrie and Gardner. 

The committee decided at this meeting that soya and tung 
oils, on account of their growing use, should be the subject of 
the year’s investigations, with a view to working out reliable 
tests for determining their value and purity. 


Tests ON SoyA BEAN OILS. 


Members of the committee pointed out that soya oils, 
crushed from various types of beans, might differ in their dry- 
ing value and general utility as paint oils, and that it would 
be advisable to develop some quick tests to determine the 
suitability of raw soya oils as they are found’in the market. 
Mr. Toch stated that his purchases of soya oil were always 
subject to a heat test conducted in his laboratory, which deter- 
mined in a short time whether the oil was suitable for use as a 
paint oil. The committee decided to include such a test in the 
investigation work on soya oils. A number of samples of soya 
oils for the tests were obtained from different brokers. These 
oils were of commercial grade and no data was obtainable as 
to their purity or source. The samples were labeled and num- 
bered and then submitted to each member of the committee, 
together with the following instructions as to tests to be made 
with the oils: 


1. Analytical Constants to be Determined: 


15°.S 
(a) Specific gravity at 
(b) Saponification number; 
(c) Iodine number (Hanus); 
(d) Acid number. 
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2. Heat Test.—Heat 2 oz. of the oil at 450° F. in a glass receptacle 
until bleaching is noticed. Then blow a slow current of dry air through the 
oil until the specific gravity has increased to 0.950. This may require a period 
of 7 hr. The blowing should be conducted at a temperature between 300° 
and 370° F. The oil should become light and fairly rapid drying. 

3. Drying Test.—Place on a table a white sheet of paper 10 cm. square 
(100 sq. cm. in area). Upon this piece of paper place a weighed and marked 
piece of ordinary clear window glass about 15 cm. square. On the white area 
outlined on the paper below the glass, drop about 10 drops of the oil to be 
tested (approximately 200 mg.). Brush out the oil with a clean camel’s- 
hair brush, so that it will cover the white area. Reweigh the glass to deter- 
mine the amount of oil thereon. The plate may then be lifted by the edge 
which is uncoated and placed in a convenient place for drying. The number 
of hours required for the oil to dry to a firm film should be noted. The change 
in weight should be determined by reweighing the plate at the end of the 
third day. 


A practical factory test of one of the samples is being con- 
ducted by Mr. White. 


TEsts ON TuNG OILs. 


On account of the adulteration of some shipments of raw 
Chinese wood oil which have been received in this country, the 
question arose during the committee meeting as to whether 
chemical constants or practical heat tests would be more satis- 
factory in determining the value of this oil. Practical kettle 
tests in the factory on large amounts of oil will determine whether 
the oil is suitable for varnish purposes, and such a test is no 
doubt an important one to make. The general opinion of the 
committee was to the effect that a laboratory heat test would 
give equally as much information as a larger test. It was felt 
that if a series of laboratory heat tests should be made upon a 
number of samples of tung oil, and the analytical constants of 
these samples could be determined at the same time, much valu- 
able information would ‘be afforded regarding the composition 
of such oils, and that such information might be used as the 
basis for standardization of the analytical constants of tung 
oils. A series of tung oils was therefore secured from various 
brokers. No data were obtainable as to their purity or exact 
source, Labeled and numbered samples were submitted to 
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each member of the committee, with instructions to make the 
following tests: 


1. Analytical Constants to be Determined: 
15°.5 
(b) Saponification number; 
(c) Iodine number (Hubl 18 hr.); 
(d) Acid number. 


2. Heat Test.—Heat 2 oz. of the oil at 420° F. for 20 min. in a glass 
beaker of 150 ce. capacity. The oil should polymerize. Raise the tempera- 
ture to 520° F. and hold for 10 min. The oil should be converted into a 
spongy, semi-solid mass. Test the mass with a knife to see whether it will 
cut clean without adhering to the knife. 


(a) Specific gravity at 


RESULTS OF TESTs. 


The results of the tests submitted by members of the com- 
mittee are given in Tables III-XXII in Appendix I to this 
report (pages 355-364). 

Soya Bean Oils—In the determination of the analytical 
constants of soya oii, results which agree very closely were 
obtained by nearly all of the observers, which would indicate 
that soya oils have a fairly well defined chemical constitution, 
even though they may be pressed from various seeds grown in 
different states. The average constants are given in Table I. 


TABLE I.—AVERAGE CONSTANTS OF 9 SAMPLES! OF RAW Soya BEAN OIL 
AS TAKEN FROM THE RESULTS OF NINE OBSERVERS. 


192.0 


The heat tests to which the soya oils were subjected gave 
interesting results, but did not in any case seem to increase the 
drying value of the oils. It is fairly well established by the tests 
that most soya oils will bleach under the heat treatment, but the 
committee is not prepared to state that those oils which do not 
bleach are unfit for use as paint oils. 


Soya oil No. 3 omitted for reason stated in note to Table V, Appendix I. Soya oil 
No. 6 (Blown) omitted from averages, 
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In tie drying tests, as a rule, rapid initial setting was 
observed with the blown oils, but they remained tacky for a 
long period of time. Unfortunately, the drying tests on the 
blown-oil samples gave widely varying results. Toch states that 
the abnormally high results obtained in his experiments were 
probably due to the deposition of extraneous matter on the films, 
the atmosphere where the tests were made being that of a manu- 
facturing city. In another instance the operator flowed the oil 
upon the plates in thick films, rather than brushing the oil out 
as outlined in the instructions for the tests. The failure of the 
various members to obtain concordant results in these drying 
tests would indicate that the method used is not satisfactory 
in its present form. Nearly all observers noted a peculiar crawl- 
ing of the films, which would indicate that raw soya oil is not 
w2ll adapted to use as a paint oil, unless treated with a drier. 

Tung Oils.—The general uniformity of analytical results, 
except in the case of the McIlhiney test, as shown in the reports 
of the observers, would indicate that tung oil has definite con- 
stants of slight variation. That such constants are of value in 
determining the purity of tung oil, there can be no doubt. 


TABLE II.—AVERAGE CONSTANTS OF 8 SAMPLES OF RAW TuNG OIL AS 
TAKEN FROM THE RESULTS OF NINE OBSERVERS. 


The purity and value of tung oil should not be judged, how- 
ever, entirely from the constants of the oil, as the heat test has 
come to be generally acknowledged as a most valuable asset in 
determining its purity. The temperature at which the heat 
test is made is a most important factor for consideration. In 
the above tests the oil was shown to remain in a liquid condition 
at 420° F. without apparent polymerization. As a matter of 
fact, changes of a profound nature occur at such temperature, 
but they are not apparent until the oil has been cooled and 
examined chemically and physically. At the high temperature 
of 520° F., thickening and the formation of a jelly-like mass 
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time gradually results in the formation of a porous, polymerized 
product which may be cut easily with a knife, while hot, like 
ginger-bread. Several of the observers commented upon the 
semi-solid state of the mass around the sides of the vessels in 
which the heat tests were conducted. This same condition is 
observed even with constant stirring of the oil during the initial 
stages of polymerization, but is obviated if a temperature of 
540° F. rather than 520° F. is maintained. At the higher temper- 
ature much better results are obtained. The Committee on 


‘Wood Oil Tests of the New York Produce Exchange has recently 


adopted a heat test for determining the purity of wood oil, and 
their specifications state that the oil shall be rapidly heated to 
540° F. and held at that temperature for 7} minutes. It is 
stated that complete polymerization is shown by all pure wood 
oils in such a test. 

The Mcllhiney test,'! in which the iodine non-precipitable 
matter was estimated, did not in every case give concordant 
results. The analytical procedure is subject to improvement. 

The Hanus and Wijs methods for determining the iodine 
number of oil have not given satisfactory results with wood oil 
in the past. The Hiibl method is apparently better adapted 
for this purpose. Whether the 18-hour test is necessary, is a 
question that should be determined by additional tests. 

A further report of the sub-committee on ‘Specifications for 
Turpentine” is given’in Appendix II to this report (pages 
365-368). 


Respectfully submitted on behalf of the sub-committee, 


A. GarpNeEr, 
Chairman. 


1 Journal of Industrial and Engineering Chemistry, 1912. 
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APPENDIX I. 


DETAIL RESULTS OF TESTS OF SOYA BEAN OILS AND 


TUNG OILS. 


TABLE Ill. —Sova BEAN OIL No. 


| 


| 
| 
| 


| = Heat Test 3 
Observer. | | Spe Remarks. 3 
|S | 38) | #82 
|e | | 3 
aie |S i< 
Gardner....... 0.9210 190. 132.6 1.20, Same color; vis- 0. 0.926 1.20+ 
| | | 
| 
Boughton...... 0. 9248 197. 134.1 2.50) Bleached........ 0. | 3.104 10mm. 
| 
Lindsay....... 0. 9248, 190.2 133. 71.21) Bleached well. . jo 959 6.86+ 
Lawrie........ 9220 191. 4 132. di 40 Bleached........ 0.937! 1.104 
| 
0.9248 192.4 132.2|2.24 Darkened....... 0.959| 0.284 Oilerawled on plate 
ppe | | in drying test. 
194. 135.21. Same color...... 0.951, 0.39+) Blown 12 br. 
Pickard....... 0. 189.4 | 130.32. 50) | 4.40+ 
White & Boyle. 0.008 191. 131. 0.47+ 
Average....... (0.9240 192.6| 0.944| 3.004 


1 Color. —The color was compared with standard Lovibond glasses in a Schreiner colorimeter. A depth 
of 10 mm. of soya bean oil No. 1 was matched against a combination of glasses and used as a standard 


against which different depths of the other oils were matched. 


TABLE IV.—Soya BEAN Ol No. 2. 


Color Value. 


= | 

Observer. 32 me | Remarks. 

| 98) og | S38 

So | ane | 

& 
Gardner....... 0.9210 190.0 135.2 2.50 Same color; vis- 0. 924 Lost | 

|. | | | 
Boughton...... 0. 196.3 | 135. Bleachedslightly., 0.941 | 
Lindsay....... 9246) 188.3 | 134.2 2. Bleached........ 0.959) 6.404 
10. 194. 132. 90 Bleached........ 0.946) 0.90+ 
0. 191.0 130. 4% 12.004 
Jackman & \ 9249) 191.7 | 133.91. Darkened....... 0.952| 0.12+| Oil crawled on plate 
Stoppel J | in drying test. 

Kohr & Mougey 0. 0287 189.0, 137.3 2. a Same color ..... '0.950 0.19-+)| Blown 12 hr. 
Pickard. ...... 0.9246 185.6 133.8 3.20+ 
White & Boyle. 0.9248 191.0 131.1 2.11 1.31+ 
Average....... \0.9241| 190.8 | 133.7 2.16......... 0.985 | 3.03+ 
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| 
| 
| 


| 
Lindsay.......| 0.9350 


TABLE V.—Soya BEAN No. 3.! 


| 


Color Value. 


4. Heat Test R ks 

191.0 | 126.8 Darker; viscous. 0.931 
198.2 | 128.3 3.60, Same color..... 0.952 4.35+| 
194.1 | 126.2'3.60| Darkened....... 0.950. 9.874 
190.6 | 123.2|2.80| Darkened....... 1.304. 
192.0 | 119.4|3.60| Same color....... ..... 10. 
194.9 | 122.7|3.36| Darkened....... 0.950 

198.8 | 129.2/3.60) Darkened. ...... 0.949 0.60-+) Blown 12 hr. 
2 187.6) 6.104 
195.0 | 4.764 
0.9345 108.7 0.947 425+ 


1 On account of the low constants shown by this oil, it was not considered p pure and the constants were not 


included in the averages. 


TABLE VI. —Soya BEAN OL No. 5. 


| 


| | 5 
aig | Heat Test | 
9220 194.0 134.5 3.10 Lighter......... 0.925} 0.104 
0. 9256 197.7 134.9(3. 30 Bleached........ 0.945| 6.704 
191.0, 134.9 (3.31 Bleachedslightly.| 0.962 6.07+, 
| 
198.5 131.3 2.80) Bleached........ 0.80+ 
130.7 |3.30| Bleachedslightly.! ..... 10.70+ 
194.3 | 132.6|2.80) Darkened....... 0.954 | 0.13+/ Oil crawled on plate 
| in drying test. 
136.3 |3.50| Darkened....... 0.950 0.62+| Blown 21 hr. 
0.9246. 189.5 | 138.0 
10.9254] 103.5 | 4.98+ 
0.9253) 193.9 | 0.951 3.77+ 


Color Value. 


| 


Observer. 
: Gardner....... 
Boughton. .. | 
| 
Jackman & \ 
Stoppel 
Kohr & Mougey | 
White & Boyle. 
Average...... 
| 
| 
| 
iy | Observer. 
Roughton...... 
; Lindsay... ... | 
Jackman & 
Stoppel | 
Kohr & Mouge} | 
Wee White & Boyle | 
Average...... | 
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TABLE VII. —Sova BEAN Ow No o. 6 (BLown). 


| | |3¢ | 
| | | 
|g | | 
| ae 
Observer. 3 | HeatTest | Remarks. | 
Gardner....... 10.9760} 211.0 90.9 0.976, Lost Oil blown when sub-| 
mitted to com-| 
| mittee. 
Boughton. ...../0.9788| 213.1) 0.364 27mm. 
Lindsay....... 0.9750) .....|..... “ 
Lawrie........ 0.9730) 193.3! | 1.304 “ 
Jackman & 
} 0.9785|220.3| 0.79+ 
Kohr & Mougey 0.9785) 203.9| 94.8 
Pickard. ...... 0.9760] 207.6 | 3.60+ 
White & Boyle. |0.9756| 197.0} 2.62+ 
Average....... 0.9766] 207.2) | 3.11+ 
TABLE VIII.—Sova BEAN Om No. 7. 
| | 25 
Observer. | 344 Remarks, | Remarks. 
| Belen 2 = 
Gardner....... 0. 191.0 | 134.1, 1. 1.80) Lighter; viscous.|0.925| 0.90+ 
| 
Boughton...... 0.9253 196.4 133.8 1. 70 Bleschedslightly.|0.948| 0.65+ 10mm. 
Lindsay.......|0. 189. 6| 134. 01.58 58 Same color...... 0.951} 6.35+ 
Lawrie........ 0.9220 192.0 | 133.1 Bleached........ 0.923} 1.604 
0.9245) 194.5 | 129.6 1.80] Good...........)..... 11.10+ 
Jaceman © |o.9254 192.1 132.2/1.54| Bleached......... 0.950| 1.28+! Oil crawled on plate 
- | in drying test. 
Kohr & Mougey|0.9250, 1.90} Much darker..../0.950]........ Blown 17 br. 
Pickard....... 0.9248) 189.1 | 6.80+ 
| 
White & Boyle. |0.9248, 193. 2.96-+/* 
Average....... 0.9243 192.1 192.9 1.67 0.941| 3.964 
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TABLE IX.—Soyva BEAN No. 8. 
| | 
s} |. | | | 
| > | | 
= Heat Test | 
ae 3 | Om 
Gardner....... 0.9240 195.0 136.3 |1.00, Lighter; viscous. 0.924) 0.90+ 
Boughton...... 0.9244 192.3 136.3 Bleached........ 0.951) 0.35+) 
Lindsay....... 0.9244 191.3 134.6 Bleached........ 0.955! 8.024 
Lawrie........ 0.9200 191.6) 133.3 |0.60| Bleached........ 0.923} Lost 
| 
Jackman & 9248 192.4 132.8 |0.70 Bleached......../0.950| 0.53+/ Oil erawled on plate 
Stoppe! ‘| | | in drying test. 


Kohr & Mougey 0.9242! 188.9 | 136.2 
Pickard. ...... 0.9245 187.1 135.1 
White & Boyle. |0.9239 196.0 131.6 


Average....... 0.9239 191.8 | 134.1 


{ 


1.00) Same color...... 0.950 


we 


942 


TABLE X.—Sova BEAN O1L No. 9. 


Change in Weight of 


0.25+-| Blown 11 hr. 


3.36+ 


Remarks. 


per cent. 


Heated Oil in 3 days, 


| 3 | 
| 
° |g 
3 
Observer. 3 a Bg 
| 6 
Gardner....... 198.0 138.1 
Boughton...... '0.9260 193.6 139.0 
Lindsay....... 0.9263) 191.2 137.7 
10.9210 192.8 134.9 
0.9262) 195.8 132.9 


Pickard. ...... 0.9254) 185.9 139.2 
| 

White & Boyle. |0.9255| 195:0 134.3 

Average....... 0.9249 192.8 136.9 


0.20+) 
4.23+ 
0.20+ 


5 
| 
Heat Test 3 
& | Remarks. = 
= | 
| | 
1.50 Darker; 0.30+ 
1.70 Same color......; 0.946 
Bleached well... 0.956 
1 Bleached........ 0.970 


1.54! Bleached........ 0.955 


1.70 | 
y. 


11.90+) 

3.45+ 

0.08— Blown 12 hr. 
| 


Color Value. 


| 


10mm. 


Color Value. 


| | 
0.87+) 
0.324 | 
| 
| | 
| | 
» 
4mm. 
Jackman & \| 
Kohr & Mougey 0.9260, 190.3 139.3 
| | | | 
| 
3.40+'| 
| 
| 
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TasBLe XI.—Sova BEAN O1 No. 10 


| | | 22 
ober. | 3 | | = | Remus | 
Gardner....... 0.9230) 191.0 | 138.5 |1.40| Lighter; viscous. 0.925 | 2.004 
Boughton...... 0.9260] 914.8 137.8 |1.50} Samecolor...... 0. 953 | 0. 05+ 4mm. 
Lindeay....... '0.9260| 191.4 | 136.4 1.57] Bleached well... 0. | 226+ 
Lawrie........ 0.9220, 192.8 134.8 Bleached......... lo. 1. 
0.9260] 193.8 | 134.5 '1.23| Pair..........-. | as. 
& 9259) 192. 8135. 26 Bleached. . 0.948) 1. 
Kohr & Mougey|0. 9269) 187. 139.5 0.950 | 0.26—) Blown 10 hr. 
Pickard........ 0.9255| 188.8 137.3 1. 3.10+ 
White & Boyle.|0. 190.0 183.7 1.47 7.244 
TABLE XII.—Sova BEAN Or No. 11. 
let. 
Observer. | ea! oo 8 Remarks. 3 
Gardner... 0. easel 200.0 | 70| Darker; viscous.|0.923| 0.80-+ 
Boughton...... °. 194. 60| Same color...... (0.943) 0.354 6mm, 
Lindsay....... °. 0268 191. 4|4.45| Samecolor...... 5.17+ 
eee 0. 9220 190.5 | 134.7 |3.40) Bleached......../ 0.943) 2.70+ Dark brown precip- 
itate formed. 
'0.9270, 198. | 134.4 '3.50| Bleachedslightly. ..... 10.00-+ 
& 192.4 135.7 4.48) Darkened... lo.95s| 1.664 
Kohr & Mougey 0.9267 187.9 | 138.8 Darkened light 0.950! 1.02+| Blown 10 hr. 
White & Boyle.|0.9251! 101.0 | 193.7 5.85+ 
Average....... (0.0254 191.2 186.7 0.946| 3.764 
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_Taste XIII.—Soya Brean Om No. 12. 


7 | 
| o2 
re |S 
| & 5 
Gardner....... 0.9220 190.0 | 133.1 /1.80 Darker; viseous. 0.924| 3.50+ 
Boughton...... 0.9265) 194.3 Same color...... 0.954; 0.15+ 8mm 
Lindsay....... 0.9263 190.4 | 135.3 |2.17 Darkenedslight- |0.959| 6.23+ 
| y 
| | 
Lawrie........ 0.9220) 193.7 132.2 1.70) Darkened....... | Lost | 3.10+)/ Dark brown precip- 
itate formed. 
Jackman & 
} 0.9265) 192.8| 134.5 |1.82| Darkened....... 0.953] 6.48+ 
Kohr & Mougey 0.9000) 189.4 | 137.4 2.40) Darkened....... 0.950 0.41+)| Blown 15 hr. 
| 
187.5 | 183.5 |2.90)................ 7.50+ 
White & Boyle. 0.9257, 191.0 | 131.0 7.05+ 
Average....... 0.9263) 191.3 0.948) 4.98+ 
TABLE XIV.—TuNG No. 20. 
| | | 
2 | | 
| Heat Test at Heat Test at | & 3 
Observer. 2 $$ | g 420° F., 520° F., Se | Remarks.| 3 
& | 20 min. | Remarks. = 
Gardner....... 0.9370) 192.0 169.4 4.60 Polymerized Polymerized com-| 37.90} Good | 
around | pletely in 6min.; quality. 
medium color. 
Boughton...... 0.9415) 197.0. 162.6/6.20 Not polymerized. 10mm, 
| clean. | 
Lindsay....... 0.9408| 192.1 170.9 |6.16 Sticky at edge... |P eut) 12.18 
| clean in 
Lawrie ....... 0.9370) 193.7 171.3 4.40) Polymerized Polymerized com-! 13.90 
| | shghtly. pletely. | 
Toch.......... 0.9400 192.3 | 167.8 6.30 
| | | 
© } 193.4 168.5 4.76 Unchanged......| Polymerized...... 18.54 
Kohr & Mougey|0.9420| 191.0 172.5 6.40 Noaction....... Solidifiedin7 min.) ..... 
| | | 
Pickard....... 0.9399) 190.9 159.6 6.10) Polymerized Jelly-like; cut | 21.80 
| | | around edge. clean. | 
White & Boyle. 193.8 171.5 6.18 No change... 
Average....... 0.9398, 192.9 168.2 20.86 


Journal of Industrial and Engineering Chemistry, 1912. 
e color was compared with standard Lovibond glasses in a Schreiner colorimeter. A depth 
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of 10 mm. of tung oil No. 20 was matched against a combination of glasses and used as a standard against 
which different depths of the other oils were matched. 
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TABLE XV.—TuNG No. 21. 


= | Heat Test at | Heat Testat | 
Observer. | 420°F., 520° F.,  Remarks.| 
| Se) es) | Remarks. - 
| | | | : 
0.9390 193.0 | 169.6| 12.50 |Polymerized |Polymerized com-|37.90 Good 
| | ae edge. | pletely in 6 min.; | quality. © 
| medium color. 
Boughton. ..... 0.9430 199.3 | 164.8] 10. polymer. \Jelly-like; eut |... 11mm, 
| clean. | 
| 
Lindsay....... 0.9425 193.6 | 172.1 Polymerized; 14.25 | 
| clean in center. 
Lawrie........ 0.9390 190.8 | 172.6| 8.10 Pelymeried Polymerized com-| 13.00 | | 
| pletely. 
OS 0. 196.8 | 165.4 
Jackman, & } 0.9434 88.3 100.0 8.26 Unchanged... Polymerized 16.54 
| 
Kohr & Mougey. 0. 191.2 170.2 10.90 No action...... \Solidified in 5 min.) ..... 
| 
Pickard. ...... 0. 9414 191. 2| 161.6 10.70 Polymerized \Jelly-like; cut | 22.30) 
| | around edge. | clean. | 
| 
White & Boyle. (0.9398, 199. 9) 10.38 Nochange..... 
Average....... 194.3 | 168.6 10.28 20.80 
TaBLE XVI.—TuNG No. 22. 
= 8. | Heat Testat | Heat Testat |= . 
Observer | 68 420°F., | 520°F., | Remarks.| 5 
= 
| | = 5 
Gardner....... 0.9370 108.0| 308.5 1.80 Polymerized ymerized com-| 37.00! Good 
in 10 quality. 
edge. min.; very light 
| color. 
| 
Boughton...... 196.6 | 163.1 |2.00| Notpolymerized.. Jelly-like; cut) ..... 22mm. 
| clean. 
Lindsay....... (0.9408 191.6 | 173.9|2.07'Sticky atedge ... Polymerized; 11.68 
, clean in center. 
Lawrie........ 0.9380 Polymerized com-| 10.40 
| slightly. | pletely. ° 
& \ 0.9409 192.8 | 168.6|1.40| Unchanged. ..... Polymerized. ....| 11.87 
kart Moa 9415 187.7 | 172,0|2.20|Noaction........ Solidifiedin 8min,|..... 
Pickard. ...... 0.9400 187.9 | 160.6 |1.70|Polymerized \Jelly-like; cut! 13.70 
| around edge. clean. 
White & Boyle. 0.9888 196.9 | 172.6 |1.84|Nochange....... Polymerized.....| ..... 


 ° 
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TABLE XVII.—TuNG Om No. 23. 


Color Value. 


Very my 12mm. 


Color Value. 


12mm. 


| 
= Heat Testat Heat Testat 
Observer. | 38/27 8 420° F., 520° F., | Remarks. 
20min. | Remarks. 
= = 
= 
Gardner... .. 194.0 | 166.3 7.20|Polymerized ymerized com 38.40| Notas 
| lightly 9 ood as | 
edge. min.; aden os. 20 
| and 21. 
Boughton...... \0.9405| 195.7 163.0 9.10 Notpolymerized. . Jelly-like; 18.60 
| clean On. 
Lindsay....... 0.9408) 193.0 | 172.3 Jelly-like and 20. 25 
sticky. | } 
| 
Lawrie........ 10.9380! 193.3 | 170.0 6.00) Polymerized Polymerized com- 18.90, 
slightly. | pletely. 
\ 0.9408 194.1 | 168.0 |6.72|Unchanged. ..... 20.94 
Kohr & Mougey 0.9420 188.1 | 172.5 |7.40 Noaction........ Solidified in 5 min. ..... 
| | 
Pickard. ...... 0.9403 190.9 | 163.2 |8.30| Polymerized \Jelly-like; cut 33.40) 
| around edge. clean. | | 
White & Boyle. 0.9400 ..... 170.6 |8.36|Nochange....... 
Average....... 0.9402) 193.2 | 25.08 
° 
| 3 Heat Test at Heat Testat | © 
Observer. 27 | | 520° F., 26 | Remarks. 
rr 2 | 
| |-3g efi 
Gardner....... 0.9370 189. 0 169.2 8.40 /Polymerized | Polymerized com-| 29.00! Good. 
| | slightly around) pletely in 10 
| edge. min.; very dark 
color. 
Boughton...... (0.9407, 197.2 164.4 | 10.00 |Not cut) 14.70 
Lindsay....... 0.9402 191.5 | 173.5 | 10.05 |Sticky jelly... Did not cut clean.| 12.53 
Lawrie........ 0. 9380 188. 3) 172.5; 6.50 |Polymerized ‘Pol ‘olymerized com-| 10.90 
} slightly. | pletely: slower 
| than others. 
0.9405 195.2 164.5 9.30 | 
0 9402 192.4 168.4 7.10 Unchanged. Polymerised. 16.51 
Kohr & Mougey 0.9417 193.3 | 172.6) 10.40 |Noaction...... |Selidified in S min. 
| 
Pickard....... 0.9401 189.9 | 161.8 Jelly-like; 19.50. 
around edge. ie 
White & Boyle.|0.9391 ..... 173.8) |... | 
| | | | | (sticky). 
Average....... 9397 192.1 | 108. 0| 17.19 
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TABLE XIX. UNG Ow No. 26. 


= | Heat Test at Heat Testat | & é 
Observe. | = | 88/37) 420°F., 520°F., | | Remarks.) 
Gardner....... 0.9390 193.0 | 167.7 1. 90|Polymerized Polymerized com-| 21. 10 | Very good 
| slightly around pletel in 4 min.;) quality. 
| | edge. very dark color. 
Boughton...... 0.9423 196. 167.7 Jelly-like; cut ..... Strong 9mm. 
| | | clean, odor. 
Lindsay....... 0.9421 190.9| 174.31. 86 Sticky atedge.. . Polymerized; cut 11.84 
clean in center. 
Lawrie........ 0.9360 192.0 | 173.0'1.50 Polymerized Polymerized com- 11.10 
| | slightly. pletely. 
Toch........-. 0.9430 194.9 | 167.2 
192.5 169.4 1.70 Unchanged. ..... Polymerised..... 12.50 
Kohr & Mougey|0.9433 192.6 170.3 1.70 No action....... Solidified in 5 min, 
Pickard. ...... 0.9419 188.3 | 159.9 1.90 Polymerized Jelly-like; cut 15.60 
around clean. 
White & Boyle.|0.9401 ..... (175.5 1.60 No change... 'Polymerized. 
i——|—| | — | 
Average....... 0.9414 192.5. 169.4 -87| 14.43 | 
TABLE XX.—TuncG Om No. 27. 
| | gs | | 
= | | Heat Test at Heat Testat | & 
Observer. | | $5 420°F., 520°F., | | Remarks.| 
lz | 20 min. Remarks. | £5 
|S | | 5 
Gardner. . 198.0| 171.2 6.20 Polymerncd \Polymerized com- 31.40| Good | 
slightly around) pletely in 10! quality. ; 
Boughton...... 0.9413) 198.1 | 165.4 |8.10 Notpolymerized.. Jelly-like; 18 mm 
| clean. 
Lindsay....... 0.9402) 192.2 | 173.8 |8.06\Sticky at edge. . .| Polymerized; cut! 10.51 
| cleanincenter. | 
Lawrie........ 0.9380] 191.8 | 172.1 |5.30\P. Polymerized com- 10.70 
"slightly. pletely. 
| 0.9413) 194.1 171.6/6.02, Unchanged... Polymerized..... 15.26 
| | 
0.9425) 193.0 173.6/8.10 Noaction....... Bolidifiedin min. 
Pickard. ...... 0.9411] 188.9 171.7|7.90 Polymerized —_Jelly-like; eut! 7, 20, 
| aroun) ge. | clean, 
White & Boyle. 0.9394) ..... | 174.1|7.67 Nochange........ Polymerized. ....|..... | 
| 
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ig | 
Eo 
| 
| 
Gardner . 0.9400 195.0 171.2 
Boughton 0.9436, 196.1 | 165.1 
Lindsay .. . 
Lawrie........ 0.9400) 191.6 173.0 
| 
Toch.......... 0.9400) 193.5 170.4 


Jackman & \ | 
Stoppel re 192.8 170.5 
Kohr & Mougey 0.9441 194.3 172.7* 


Pickard. ...... 0.9432 189.5 163.3 


| 
White & Boyle. 0.9425) ...... 174.6 


Average....... (0.0422 193.1 | 170.6 


6.70) Polymerized 


| 
/1.20 Polymerized 


_Tante XXIL—Tone Ou. No. 28. 


| clean. 


| 
.. 0.9428 191.9 174.6) 1.40)Sticky atedge.... Polymerized; cut 11.42 
cleanincenter. | 


Polymerized com-| 9.C0 
slightly. | pletely; «slower! 

| than others. 
0.84| Unchanged... ... Polymerized. .... 11.93 
1.00|No setion. ...... Solidifiedin 6 min... .. 


Jelly-like; cut 13.50 


| | 
3 | Heat Test at Heat Testat & . g 
420° F., 520° F., Se Remarks.) 
Zz 20 min. Remarks. 
| 
= 
j 
1.00! Polymerized Polymerized com-| 14.10 Fair 
slightly around! pletely in 10) quality. 
edge. | min.; very light) 
color. 
1.30! Not polymerized. ‘Jelly-like; ..... 10mm 


around edge. clean. 
1.11 Nochange....... Polymerized ..... ..... } 
ADDENDA 


TasBLE XXII.—Data oN DEnsitTy oF O1Ls! UseEp IN TESTs, BY 
H. C. BEARcE, BUREAU OF STANDARDS. 


Oil 15° | ,,15°.5 25 
1 0.92462 0.92427 0.92515 0.91761 
2 | 0.92460 0.92426 | 0.92514 0.91771 
3 | 0.93518 0.93484 | 0.93573 0.92829 
5 | 0.92532 0.92498 | 0.92586 0.91852 
6 | 0.97740 0.97706 | 0.97799 0.97058 
7 0.92499 0.92465 0.92553 0.91814 
8 | 0.92428 0.92394 | 0.92482 | 0.91750 
9 | 0.92544 0.92510 0.92598 0.91863 
10 | 0.92550 0.92516 0.92604 0.91866 
11 | 0.92648 0.92614 0.92702 0.91970 
12 | 0.92613 0.92579 0.92667 0.91930 
Density of Tung Oils 
20 0.93996 0.93963 0.94052 | 0.93331 
21 0.94204 0.94169 0.94259 0.93512 
22 0.94049 0.94015 0.94104 | 0.93360 
23 0.94044 0.94010 0.94099 0.93356 
25 0.93982 0.93948 | 0.94037 0.93262 
26 0.94201 0.94167 | 0.94257 0.93481 
27 0.94084 0.94050 0.94139 0.93362 
28 0.94296 | 0.94262 0.94352 0.93579 


25° Betweer.2 B.S. 
15°-30° C, Nos. 


0.92030 0.00070 3975 
0.92040 0.000€9 3976 
0.93101 0. 00069 3977 
0.92121 0. 00068 3978 
0.97343 0.00068 3979 
0.92083 0.00068 3980 
0.92019 0.00068 3981 
0.92132 0.00068 | 3982 
0.92135 0.00068 3983 
0.92240 0.00068 3984 
0.92199 0.00068 3985 
0.93605 0.00067 | 3986 
0.93786 0.00069 | 3987 
0.93634 0.00069 3988 
0.93630 0.00069 3989 
0.93535 0.00069 3990 
0.93755 | 0.00069 3991 
0.93636 | 0.00069 3992 
0.93853 0.00068 3993 


1D 1) ~specifi gravity at t° referred to water at t’° as unity. 
is numerically the same as density in grams per cubic centimeter. 
2 Change of density per degree change of temperature. 


When t’=4° C., the specifie gravity 


} | | 
| 
| | 
| | 
| 
| 
: Density of Soya Bean Oils. 
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APPENDIX II. 
SPECIFICATIONS FOR TURPENTINE. 


A meeting of Sub-Committee C was held on June 15, 1912, 
at The Institute of Industrial Research, Washington, D. C., 
and was attended by Messrs. Veitch, Boughton and Gardner. 
Communications from Messrs. Teeple, Gibboney and Herty 
were read at the meeting. Tentative specifications for turpen- 


tine were drawn up and submitted simply for consideration as 
follows: 


TENTATIVE SPECIFICATIONS FOR TURPENTINE. 
TURPENTINE. NO. 1. 


These specifications apply both to the turpentine that 
is distilled from pine oleoresin and generally known as gum 
turpentine, and the turpentine that is distilled from wood and 
generally known as wood turpentine. The committee does not. 
attempt to differentiate between the two, provided they fully 
meet all requirements. The purchaser when submitting these 
specifications may at his option specify either product. 

Color.—The turpentine shall be perfectly clear, free from 
suspended material, and water white. The color shall be deter- 
mined by matching a sample 200 mm. in depth with a No. 1 
Lovibond glass in a Schreiner colorimeter. The turpentine 
shall not show a greater color than the standard glass. 

Specific Gravity.—The specific gravity shall not be less than 
0.862 nor more than 0.870 at 20° C. 

Refractive Index.—The refractive index shall be from 1.468 
to 1.476 at 20° C. 

Boiling Point.—The boiling point shall be between 152° 
and 158° C. 

Distillation Test—When 200 cc. of the turpentine are dis- 
tilled, 95 per cent shall pass over below 170° C. 

For this test use a 300-cc. flask, 8 cm. in diameter, with. 
a side tube 8 cm. from the main bulb, and the neck extending 
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8 cm. above the side tube. The neck is 2 cm. in diameter and 
the side tube is 5 mm. This flask should be fitted with a ther- 
mometer (reading from 145° to 200° C.) immersed in the vapor. 
The mercury bulb should be opposite the side tube of the flask 
and the reading 175° C. should be below the cork. The dis- 
tillation should be so conducted that there shall pass over about 
two drops of the distillate per second. 

Polymerization.—When 5 cc. of the sample are treated with 
sulphuric acid of specific gravity 1.84, according to the method 
herewith outlined there shall remain undissolved at the end of 
thirty minutes not over 0.09 cc. The residue unpolymerized 
should show a refraction value of not less than 1.50 to 1.52. 
It should be viscous in nature. If the residue is water-white, 


limpid, and does not show the proper refraction value, it should 


be carefully polymerized with 38-N sulphuric acid according to 
Veitch.! 

For this test, add slowly 5 cc. of the turpentine to 25 cc. 
of 1.84 sulphuric acid contained in an ordinary graduated 
narrow-neck Babcock flask. Shake the flask with a rotary 
motion to insure gradual mixing. Cool, if necessary, in ice 
water, not permitting the temperature to rise above 60° to 65° C. 
Agitate thoroughly, and maintain at about 65° C. with frequent 
agitations for one hour. Cool, fill the flask with sulphuric acid, 
bringing the unpolymerized oil into the graduated neck. Allow 
to stand one hour. Read off the umpolymerized content, note 
its consistency and color, and determine its refractive index. 

Color Test.—Shake 10 cc. of the turpentine with 10 cc. of 
concentrated hydrochloric acid in a test tube. The develop- 
ment, after three minutes standing, of a decided red color is 
indicative of the presence of other (usually heavy) resinous oils. 

Evaporation Test.—Place 10 cc. of the sample in a glass 
crystallizing dish, 2} in. in diameter and 14 in. high, and evap- 
orate on an open steam bath with a full head of steam until 
there is no more loss in weight. The residue shall not weigh 
more than 0.150 g. 


1 Bulletin No. 135, p. 30, or Circular No. 85, Bureau of Chemistry, Department of 
Agriculture, 
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On November 16, 1912, the above specifications were 
considered at the meeting of the committee held at the Bureau 
of Chemistry, Washington, D.C. It was decided not to recom- 
mend any specifications for adoption until tests had been made 
upon samples of turpentine obtained by members of the com- 
mittee from authoritative and reliable sources. Members of 
the committee will secure such samples in the field at the time 
of manufacture, and quantities of each sample will be submitted 
to the various members of the committee to use in studying the 
methods embraced in the foregoing tentative specifications. 
The procedure for this work which was then submitted to the 
_ committee is as follows: 


SUGGESTED PROCEDURE FOR THE ANALYSIS OF TURPENTINE. 


Color.—Note and report whether the material is free from dirt and sus- 
pended matter and is water white. Determine the color by comparing a 
sample 200 mm. in depth over a No. 1 Lovibond glass, with a No. 2 Lovibond 
glass in a colorimeter. Note and report whether the turpentine plus the No. 
1 glass is lighter or darker in color than the No. 2 glass. 

Specific Gravity—Determine the specific gravity by any suitable accurate 
method and report figure as specific gravity at 15°.5/15°.5 C. State method 
used. 

Refractive Index.—Determine with a direct reading refractometer at 


Distillation Test. 


Test 1.—For this test use a 300-cc. flask, 8 cm. in diameter, with a side 
tube 8 cm. from the main bulb, and the neck extending 8 cm. above the side 
tube. The neck is 2 cm. in diameter and the side tube is 5 mm. This flask 
should be fitted with a thermometer (reading from 145° to 200° C.) immersed 
in the vapor. The mercury bulb should be opposite the side tube of the flask 
and the reading 175° C. should be below the cork. The distillation should 
be so conducted that there shall pass over about two drops of the distillate 
per second. 

Test 2.—For this test use the ordinary Engler flask as shown on page 
503 of Engineering Chemistry by Stillman. Have the thermometer totally 
immersed in the vapor as directed in the specifications in Test 1. In Test 
2 use 100 cc. of turpentine to determine whether the same results are obtained 
as with 200 cc. of turpentine. 

Test 8.—Use the ordinary Engler flask as described in Test 2, and an 
ordinary long stem thermometer. . Determine approximate length of the 
mercury column outside the flask at the distillation temperatures. 

In all three methods of distillation note and report the initial boiling 
point and the percentage of distillate obtained below 170° C., and the baro- 
metric pressure at the time of making the distillation. 
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Polymerization. 

Test 1.—Add slowly 5 cc. of the turpentine to 25 cc. of 1.84 sulphuric 
acid contained in an ordinary graduated narrow-neck Babcock flask. Shake 
the flask with a rotary motion to insure gradual mixing. Cool, if necessary, 
in ice water, not permitting the temperature to rise above 60° to 65°C. Agi- 
tate thoroughly and maintain at about 65° C. with frequent agitations for 
one hour. Cool, fill the flask with sulphuric acid, bringing the unpolymerized 
oil into the graduated neck. Allow to stand one hour. Read off the unpoly- 
merized content; note and report its consistency and color, and determine 
its refractive index at 15°.5 C. : 

Test 2 ( Veitch’s Method').—Repeat Test 1, but use 38-N sulphuric acid 
and let flasks stand 24 hours before reading the amount of unpolymerized 
residue, or else centrifuge five minutes. 

Hydrochloric Acid Test.—Shake 10 cc. of the turpentine with 10 cc. of 
concentrated hydrocloric acid, specific gravity 1.19. Note whether after three 
minutes standing a decided red color develops. Test for the presence of other 
usually heavy or resinous oils. 

Evaporation Test.—Place 10 cc. of the sample in a glass crystallizing 
dish, 2} in. in diameter and 1} in. high, and evaporate on an open steam 
bath with a full head of steam for 2 hours. Cool, weigh, and report weight of 
residue in grams. 


Flash Point. 

Test 1.—Support a 100-cc. nickel crucible, such as is used in determining 
the flash point of linseed oil, in a vessel of water at 15° to 20° C.; the water 
should cover about two-thirds of the crucible. Fill the crucible to within 
about 2 cm. of the top with turpentine, insert a thermometer, and heat the 
water bath slowly so that the temperature of the turpentine rises 1° C. per 
minute. Begin at 37° C. and test for the flash at each rise of 0°.5 C. Report 
temperature at which the turpentine flashes. 

Test 2.—Determine the flash point using the Tagliabue open cup. Begin 
testing at 30° C. and test at each degree Centigrade above that till the sample 
flashes. The temperature of the turpentine should not rise more rapidly 
than 1° C. per minute. 

Test 3.—Use a closed tester such as the Pensky-Martin tester, the Abel 
cup, etc., following the directions for the instrument. 


It is thought that the authoritative samples for the tests 
will not be received before the end of June. The report on 
the tests will therefore be made next year. 

Respectfully submitted on behalf of the sub-committee, 

H. A. GARDNER, 
Chairman. 


1 Bulletin No. 135, p. 30, or Circular No. 85, Bureau of Chemistry, Department of 
Agriculture. 
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REPORT OF SUB-COMMITTEE D ON 
THE ATLANTIC CITY STEEL PAINT TESTS. 


The Atlantic City Steel Paint Tests were originally designed 
by members of the American Society for Testing Materials, 
with the object in view of determining by practical. exposure 
tests whether certain single pigments would, when enveloped 
in an oil film, offer the same relation to the protection or to the 
corrosion of iron or steel that was exhibited by these pigments 
in laboratory tests when placed in contact with steel plates in the 
presence of water. A series of pigments which had been under 
experimentation in the water tests were therefore selected for 
the exposure tests and after being ground in linseed oil, the quan- 
tity of which was determined in every instance by the specific 
gravity of the individual pigments, were applied to steel and 
iron plates and subjected to exposure. That the results obtained 
from these tests would have been modified to some degree had 
the tests been made more diversified in respect to the quantity 
of liquids used in the grinding of the pigments, there can be no 
doubt. It is, however, fair to state that the tests have offered 
considerable information as to the relative value of various 
pigments as components of structural paints and that they have 
presented much valuable data upon which to base future tests 
of a more extended nature. 

Although a complete history of the tests, including the data 
regarding the preparation and application of the paints, is to be 
found in the Proceedings of the Society,' the committee is pre- 
senting herewith, for the benefit of those who are not familiar 
with previous reports, an outline of the tests as summarized in the 
Proceedings of 1910: 

“Three years ago the suggestion was made in a paper 
presented before the Tenth Annual Meeting of this Society,’ 
that the various types of substances used as pigments in pro- 
tective coatings might exert a stimulative or an inhibitive action 
on the rate and tendency to corrosion of the underlying metal. 
It was further suggested on theoretical grounds that slightly 
soluble chromates should exert a protective action when employed 


1Vol. IX, pp. 203-204 (1909); Vol. X, pp. 73-86 (1910); Vol. XI, pp. 192-194 (1911). 
2“ The Corrosion of Iron,” A. S. Cushman, Proceedings, Vol. VII, p. 211 (1907). 
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as pigments, by maintaining the surface of the iron in a passive 
condition in case water and oxygen penetrated the paint film. 
In view also of the well-known fact that alkalies inhibit while 
acids stimulate the corrosion of iron, it was suggested that the 
action of more or less pure pigments on iron in the presence of 
water be thoroughly investigated. Two years ago this committee 
invited the cooperation of Committee D-1 (then known as Com- 
mittee E) in the investigation, and a special sub-committee 
representing the two main committees was appointed. 

“Briefly, the method consisted in immersing samples 
of steel in water suspensions of the various pigments and blowing 
air through the containers for definite periods of time, the corro- 
sion being measured by the loss in weight sustained by the test 
pieces. About fifty pigments which are in more or less common 
use for painting steel were purchased in the open market and dis- 
tributed among a number of the members of the committee, 
who agreed to carry out the work. Each investigator worked 
independently of the others, except that the same general method 
was followed; the time of exposure to the corroding action, how- 
ever, varied in the different experiments. When the results 
were compared and analyzed by the sub-committee, it was felt 
that the general agreement of the results obtained by the several 
investigators was striking and merited further and more system- 
atic work. Asa result of these tests thesub-cémmittee tentatively 
divided the pigments into inhibitors, stimulators, and indeter- 
minates. The word ‘indeterminate’ was selected after consid- 
erable discussion, because the words ‘neutral’ or ‘inert’ already 
possess a special meaning as applied to paint technology. The 
committee takes this occasion to emphatically state that in 
adopting this tentative classification, the words ‘inhibitive’ 
and ‘stimulative’ as used by them up to the present time apply 
only to the results obtained in the water tests, and the inference 
that the results obtained have decided which class the pigment 
will fall into when made into a paint with the usual vehicles and 
used as a protective coating on iron and steel, is not justified. 
In order to make this point quite clear, it has been agreed by the 
committee to qualify the classification so as to speak of the vari- 
ous materials tested as ‘water stimulative’ or ‘water inhibitive.’ 

“As a result of the preliminary tests, it seems desirable 
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TABLE I.—THIRD AND FourTH ANNUAL INSPECTIONS 


Original verage Rat- 
Panel. PIGMENT. classification in “ie 1911 HA 
water tests. Inspection. Gerdner. c.s 
1 | Dutch process white Inhib. 3.7 2.0 
2 | Quick process white lead............+2eeeeeeees Indet. 4.2 2.0 
4 | Sublimed white Indet. 9.0 9.0 
5 | Sublimed blue lead............ceseeeeeceeecees Indet. 8.8 9.0 
6 | Lithopone..... Indet. 2.2 1.0 
9 | American orange mineral...........02eseeeeeees Indet. 8.3 6.0 
12 Bright red Stim. 8.1 7.0 
14 | Venetian red......... Inhib.: 8.0 7.0 
15 | Prince’s metallic brown........sssseeeeeeeeeees Inhib. 6.3 5.0 
16 | Natural graphite.............0eeeeeereeeeeeees Stim. 6.8 5.0 
17 | Artificial gra Stim. 5.9 4.0 
21 | Gas carbon "Saeic (natural barytes) . ae Stim. 7.2 5.0 
24 | French yellow Stim. 4.0 
27. |. Natural Darytes, ccc cc Stim. 0.7 0.0 
28 | Precipitated barytes (blanc Indet. 1.8 1.0 
29 | Calcium carbonate (whiting)...... Pe Sore ne Indet. 0.0 0.0 
30 | Calcium carbonate (precipitated).......... unde Indet. 0.0 0.0 
31 | Calcium sulphate Indet. 1.7 1.0 
32 | China clay (kaolin)........... bare Indet. 6.3 2.5 
33 | Asbestine (magnesium silicate)...........+++-+++ Indet. 5.1 1.0 
34 | American vermilion (chrome scarlet). . a Indet. 10.0 10.0 
36 | Medium chrome Indet. 5.0 
39 | Zinc Inhib. 9.5 9.0 
40 | Zinc and barium chromate............0se0e00+: Inhib. 9.5 8.0 
41 | Chrome green (blue 9.8 9.0 
GS | Inhib. 8.5 7.5 
48 | Ultramarine Ble, Inhib. 0.0 0.0 
49 | Zinc and lead chromate ............+-e-eseee0s Inhib. 9.7 9.0 
51 | Magnetic black oxide! 9.5 8.5 
Composits PAINTS. 
111 | Brown 8.5 8.0 
222 | Black | Made from pigments that were in- 8.8 6.0 
444 | Green 6.7 5.0 
555 | Black 8.2 7.0 
666 | Brown | Made from pigments that were stimula- 7.7 6.0 
777 | White 7.2 3.0 
888 | Green 8.0 5.0 
2000 | 1 coat zinc chromate, 1 coat iron oxide excluder..| ...... 8.1 7.0 
3000 | 1 coat lead chromate, 1 coat iron oxide excluder..} ...... 7.3 6.0 
4000 | 1 coat red lead, 1 coat iron oxide excluder.......| «+... 7.7 6.0 
100 | Straight carbon black t, with turps and drier. . Le 6.5 5.0 
90 | Straight lampblack paint, with turps and drier...| ...... 5.7 4.0 
5555 | Coal-tar paint over red lead......... 5.2 3.0 


1 Not includedin water tests. 
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BY SuB-ComMITTEE D OF 


NUAL INSPECTIONS OF Paint-TEsT STEEL PANELS, ATLANTIC City N. J., 


TuirD ANNUAL INSPECTION, 1912 
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6.0 7.0 0 2.7 
2.0 3.0 0 5.0 5.2 
= boa 5.0 4.0 | 6.0 5.0 6. . 

7.0 5.5 | 9.0 7.5 3.0 6.6 
6.0 5.0 9.0 7.0 5.0 5.0 

ee. 5.0 5.0 6.0 6. 7.8 
3.0 5 8.5 9.0 “eee 
5.0 9.0 | 8.0 7. 
7.0 3.5 | 7.0 3.5 4.7 
6.0 | 5 0 5 0 4.0 
5.0 | | 4.0 4.0 : 
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On THE ATLANTIC City STEEL Paint TEsTs. 371 
to the committee that a systematic investigation of the same 
pigments should be made under service conditions. The Paint 
Manufacturers’ Association of the United States offered to erect 
a series of steel panels at Atlantic City and place them under the 
supervision and control of this Society. The panels were erected 
in the autumn of 1908.” 

The third annual inspection of the tests was made by 
members of the sub-committee on April 1, 1912, and the fourth 
annual inspection on April 16, 1913. In making the inspection, 
the usual system of ratings was followed, those paints which 
were giving the greatest protection from corrosion, presenting 
the best appearance and showing the greatest durability, being 
accorded the highest rating, No. 10, while those coatings which 
had entirely failed their intended purpose were given the rating 
No. 0. The intermediate ratings are indicative of the merits 
of the respective paints. The results of each inspection are 
given in Table I (Plate VIII), each inspector’s rating for each 
paint being given, as well as the average rating of all the inspec- 
tors for each inspection. 

Respectfully submitted on behalf of the sub-committee, 


H. A. GARDNER, 
Chairman. 


SUPPLEMENTAL REPORT. 


On account of the necessity of clearing the land, for build- 
ing purposes, upon which now stands the steel test fence, 
an inspection of the panels was made on June 23, 1913, by the 
sub-committee to determine which panels should be reserved 
for future test. The paints which had failed in the test were 
marked for discontinuance. They are as follows: Nos. 1, 2, 
3, 6, 7, 27, 28, 29, 30, 31, 32, 33, 45, 48, 222, 333, 777, 2000, 
3000, 4000, 90, 100, 5555. 

The panels facing the ocean on each of the three fences, 
representing the other paints, will be removed from the fence 
and placed for future exposure on Young’s Million Dollar Pier, 
upon a test frame to be erected for the purpose. The expenses 
of the removal of the panels and their future installation will 
be met by an appropriation made by the Paint Manufacturers’ 
Association of the United States. 

H. A. G. 
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REPORT OF SUB-COMMITTEE E ON LINSEED OIL. 


The sub-committee reports as follows: 


After considering the reports of this sub-committee since its 
organization, it was decided to secure samples of oils pressed from 
seed grown in India and South America, to determine the specific 
gravity at 15°.5/15°.5 C., the iodine number, the saponification 
number, the acid number, and the refractive index on them, 
in order to ascertain whether these figures would fall within the 
limits of the tentative specifications recommended in 1909,! 
which were based on samples of North American oil. Accord- 


ingly, in addition to the samples already on hand, the following 
samples were secured: 


16....Sample of linseed oil taken at the Atlantic Mill, National Lead Co., 
February 24, 1911, by A. H. Sabin. Bottled March 1, 1911. 
Argentine seed. 

17....Sample of linseed oil taken at the Atlantic Mill, National Lead Co., 
by A. H. Sabin. Composite daily samples from August 25, 1911, 
to October 21, 1912, inclusive. Calcutta seed. 

18....Sample of linseed oil taken at the Atlantic Mill, National Lead Co., 
by A. H. Sabin. Composite daily samples from October 23, 1911, 
to January 26, 1912, inclusive. Bombay seed. 

19....Sample of linseed oil taken at the Atlantic Mill, National Lead Co., 
by A. H. Sabin. Composite daily samples from January 27, 1912, 
to March 30, 1912, inclusive. North American seed. 

20....Sample of linseed oil taken at the Atlantic Mill, National Lead Co., 
by A. H. Sabin. Composite daily sample from April 1, 1912, to 
May 22, 1912, inclusive. North American seed. ; 

21....Sample of linseed oil taken at the Atlantic Mill, National Lead Co., 
by A. H. Sabin. Composite daily samples from May 23, 1912, 
to June 24, 1912, inclusive. North American seed. 

22....Sample of linseed oil taken at the Atlantic Mill, National Lead Co., 
by A. H. Sabin. Composite daily samples from June 27, 1912, 
to July 3, 1912, inclusive. Calcutta seed. 

23....Sample of linseed oil taken at Spencer Kellogg & Sons, Hudson 
Heights, N. J., May 17, 1912, by a representative of the New York 
Federal Laboratory. South American seed. 

28....Sample of linseed oil taken at the’ Dean Works, American Linseed 
Co., August 4, 1911, by a representative of the New York Federal 
Laboratory. Calcutta seed. 


1 Proceedings, Am. Soc. Test. Mats., Vol. IX, p. 164 (1909). 
(372) 
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The samples were submitted to the members of the com- 
mittee and several others, with the following circular letter in 
which the methods outlined are those of the 1909 report: 


WORK OUTLINE FOR SUB-COMMITTEE E ON LINSEED OIL. 


LINSEED OIL. 


This committee has obtained a number of additional samples of linseed 
oil made from linseed of different origin which are ready to be sent out for 
testing. 

Samples Nos. 17, 22, 28 are oil obtained from Calcutta seed. No. 
18 is from Bombay seed, Nos. 16, 23 are from La Plata seed, and Nos. 19, 
20, 21 from North American Seed. On these samples determine the specific 
gravity at 15°.5 C., the acid number, the iodine number (Hanus), the saponifi- 
cation number and the index of refraction, all by the methods given in report 
of the Sub-Committee on Linseed Oil in the proceedings of the Society for 1909. 

With the results of this work will you please express your opinion on the 
advisability of including the Calcutta and Bombay oils with North American 
in a set of specifications, and whether you favor the drawing up of another 
set for oil obtained from South American seed. 

Make also a hexabromide test. Samples Nos. 5, 6, 18, 20, and 23 are to 
be used for the determination of the hexabromides. We ask that you follow 
the method outlined herewith, but wish that if you are able to develop any 
modification which gives more reliable results, that you would report your 
findings. 

Preparation of the free fatty acids: 

“Boil 50 g. of the oil with 40 cc. of a solution of potassium hydroxide, 
specific gravity 1.4, and 40 cc. of alcohol in a porcelain dish on a water bath, 
with constant stirring until the soap becomes pasty. The soap is then dis- 
solved in a liter of water and the solution boiled to evaporate the alcohol; 
this can be effected readily by replacing the water as it boils away. Next 
the soap is decomposed by means of diluted sulphuric acid. When by con- 
tinued boiling the fatty acids have been obtained as a clear oily layer, free 
from solid particles floating on the aqueous liquid, the latter is drawn off by 
means of a siphon, and the fatty acids washed several times with hot distilled 
water until all the mineral acid has been removed. Since the fatty acids of 
lower molecular weight dissolve in hot water and may redden litmus paper, 
methyl orange should be used to test for the complete removal of the mineral 
acid. The dish containing the fatty acids is then placed on a water bath and 
warmed until the fatty acids are completely liquefied. The water and impuri- 
ties will settle out,.and the warm acids may then be poured through a dry 
plaited filter in a hot water funnel. The fatty acids thus obtained will be 
sufficiently dry for examination.” ; 

If time permits, prepare the fatty acids by Goldschmidt’s method also, 
as follows, and then proceed with the determination: 

“Boil 50 g. of the oil with 30 cc. of a solution of potassium hydroxide, 
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200 g. of KOH in 300 ce. of H,0., and 70 ce. of alcohol in a porcelain dish 
on the water bath with constant stirring, until the soap becomes pasty. The 
soap is then dissolved in a liter of water and the solution boiled to evaporate 
the alcohol. Transfer the soap to a separatory funnel and decompose with 
dilute sulphuric acid; add 150 cc. of ether and shake. Draw off the aqueous 
layer and wash the other layer free from mineral acid, using a strong solution 
of sodium chloride instead of water for this washing. Transfer the ether 
solution to a wide mouth stoppered flask, cool to below 25° C., and add suffi- 
cient anhydrous sodium sulphate to thoroughly dry (generally from 35 to 50 
g. will be sufficient). Insert stopper and let stand with frequent shaking, 
for about one hour. See that the temperature does not rise above 25° C. 
Filter through a dry paper into another flask and drive off the ether by a cur- 
rent of dry hydrogen at a temperature not above 50° C., which can be main- 
tained by setting the flask in a bath of warm water.” 

To determine the percentage of hexabromides in the free fatty acids, take 
one gram of the sample and weigh into a stoppered flask, add 50 cc. of absolute 
ether, chill, add bromine drop by drop, being careful to keep the flask and 
contents between 4° and 6° C., until an excess of bromine is shown by a 
permanent reddish brown color. Let stand in water between 4° and 6° C. 
for thirty minutes, then filter and wash four times with 20 cc. of cold absolute 
ether. After the addition of the ether put the flask back into the ice water 
bath for a few minutes before filtering or centrifuging. Dry in a water 
bath, after the ether is removed continue drying for one hour and weigh. 
A centrifuge is of advantage if available. 

P. H. Walker has found that after saponifying the oil from a paint, 
the iodine number of the oil is low, while that of the fatty acids from the same 
oil will be about normal. In view of this fact it is desirable to establish 
limits of the iodine value of the free fatty acids, so we ask that you determine 
it on the fatty acids prepared from the various oils. 


BoiLep OW. 

One of the requisites in dealing with this product is to have a definition. 
Will you not give us the benefit of your ideas on this subject, formulating a 
definition if possible, but at least letting us know what things you think ought 
to be included in the definition? 

Samples Nos. 25, 27 and 29 are of the linoleate type, that is, the lead and 
manganese are combined with linseed oil alone. Nos. 24 and 26 are made 
by combining the lead and manganese with resin, and adding this resinate 
to the oil. 

On these samples please determine the specific gravity, the iodine number 
(Hanus), the acid number, the saponification number, the percentage of 
ash and that of lead, calcium and manganese in the ash, and the unsaponifi- 
able matter soluble in petroleum ether; if the time permits, also the per- 
centage of hexabromides by the methods outlined for raw oil. 

To determine the amount of lead, calcium and manganese, take 20 or 
more grams of the boiled oil and burn off in a silica or porcelain dish or dis- 
solve out the lead and manganese in a separatory funnel with hydrochloric 
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or nitric acids. If ashing is followed, place the vessel on the floor of a hood, 
heat by an inclined flame until the oil burns. Remove the flame and allow 
the oil to burn as long as it will. Apply the inclined flame again until all 
of the volatile matter is consumed. Burn off the carbonaceous matter at as 
low a heat as possible; do not heat above a barely visible red. If convenient 
use a muffle. Dissolve the ash and make quantitative determinations of lead, 
manganese and calcium, describing methods used in reporting results. 
GLENN H. Pickarp 
Chairman. 


The analysts so far reporting are as follows: 


1. Dean M. Jackman for S. S. Voorhees, Bureau of Standards, Washing- 
ton, D. C. 

2. E. W. Boughton, Bureau of Chemistry, Contracts Laboratory, Wash- 
ington, D. C. 

3. S. Ginsburg for P. H. Walker, Chief of Contracts Laboratory, Wash- 
ington, D. C. 

4. C. B. Mills for G. W. Thompson, Chief Chemist, National Lead Co., 
129 York St., Brooklyn, N. Y. 

5. H. A. Crown for G. H. Pickard, Chemist, American Linseed Co., 
11099 Torrence Ave., Chicago, II. 

6. H. C. Mougey for D. A. Kohr, Superintendent of Lowe Brothers 
Co., Dayton, Ohio. 

7. E. W. Martin, Chemist, Midland Linseed Products Co., Minneapolis, 
Minn. 

8. A. H. Gill, Massachusetts Institute of Technology, Boston, Mass. 

9. Wm. R. Eipper for E. C. Holton, Chemist, Sherwin-Williams Co., 
Cleveland, Ohio. 


RESULTS OF TESTS ON RAW LINSEED OIL. 


The results reported on raw linseed oil are given in Table I. 

Samples Nos. 16 and 23, which are from South American 
seed, each have an iodine value lower than specification limits, 
and therefore indicate the impossibility of including North and 
South American oils in one specification. 

The new samples of North American seed, from another 
year’s crop, give results which fall within the tentative specifica- 
tions proposed by the sub-committee. 

Examination of these results shows that, like samples 
Nos. 1, 2,3 and 4, sample No. 16 has changed but slightly during 
the two years which have elapsed since bottling. 

The oils from Calcutta and Bombay seed give results which 
agree closely with those from North American seed, except 
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TABLE I.—RESULTS OF TESTS ON RAW LINSEED OIL. 


SoutH AMERICAN SEED. 
Sampte No. 16. 


Saponifi- Refractive Iodine 
Analyst. Specific Gravity Acid cation Index Number, 
at 15°.5/15°.5C. | Number. Number. at 25°C. Hanus. 
0.9325 1.26 191.0 1.4786 171.8 
1.42 193.4 1.4784 170.5 
0.9330 1.40 190.0 1.4779 170.6 
0.9323 1.37 189.8 1.4788 171.8 
| See 0.9320 1.54 191.4 1.4789 171.8 
Average...... 0.9326 1.47 191.4 1.4785 170.8 
0.9321 | 3.22 190.4 1.4787 | 173.2 
0.9327 3.61 191.2 1.4784 171.6 
0.9328 3.53 190.3 1.4773 | 172.8 
3.43 189.8 1.4787 | 171.9 
0.9327 3.57 191.5 1.4788 | 174.9 
| 
Average....... 0.9315 | 3.54 190.5 1.4784 172.3 
NortH AMERICAN SEED. 
Sampte No. 19. 
Analyst. Specific Gravit Acid : 
at 15°.5/15°.5C. | Number. | 
0.9356 1.68 | 191.3 188.7 
0.9360 1.76 | 194.4 187.6 
0.9360 1.64 | 189.8 187.6 
0.9346 1.65 | 190.2 188.1 
0.9355 1.51 | 191.2 189.1 
0.9353 1.68 | 192.6 | 187.9 
2:08 =| 195.3 | 185 
0.93084 2.32 | 193.6 | 185.6 
0.9355 1.79 | 192.3. | 187.5 
a ee 0.9357 | 1. | 491.3 | 1.4805 188.9 
0.9360 1.76 | 193.6 1.4806 185.8 
3 0.9360 1.71 190.8 | 1.4791 187.5 
ES 0.9348 1.72 191.5 1.4803 187.5 
0.9355 1.77 192.2 | 1.4811 188.6 
Average...... 0.9356 1.86 191.9 | 1.4803 187.1 
0.9353 2.38 191.4 1.4803 187.6 
0.9357 2.52 192.4 1.4804 183.2 
0.9354 2.47 190.8 1.4790 185.6 
sh 0.9345 2.45 190.9 1.4805 186.3 
Average....... 0.9352 2.47 191.7 1.4801 185.4 


“Specific gravity taken at 25°.5/25°.5 C. This value not used in computing average. 
‘Specific gravity taken at 26°/26° C. This value not used in computing average. 
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TABLE I.—RESULTs OF TESTS ON RAW LINSEED Oi (Continued). 


CALCUTTA SEED. 
Sampte No. 17. 


| | Saponifi- Refractive Iodine 

Analyst. Specific Gravit | Acid cation Index Number, 

| a 15°.5/15°.5 C. | Number. | Number. | at25°C. | Hanus. 
0.9332 | 1.26 191.2 1.4794 179.8 
0.9337 1.32 193.4 1.4795 179.4 
0.9341 1.24 190.1 1.4785 178.1 
0.9325 1.26 | 192.1 1.4792 | 178.5 
0.9333 1.09 } 178.4 
0.9335 1.24 179.2 
0.9334 1.26 191.9 | 1.4792 | 178.5 
Sampie No. 22 
Debatnoeaeewies 0.9333 1.82 191.2 1.4794 178.6 
Re 0.9338 2. 191.9 1.4792 175.9 
EE ee 0.9341 2.00 191.7 1.4778 178.3 
0.9323 1.94 190.9 } 1.4794 176.5 
wes | 2.25 194.8 174.1 
Average....... 0.9334 2.02 | 192.1 1.4780 | 176.7 
0.9327 1.54 190.8 1.4793 178.1 
2 0.9328 1.75 192.0 1.4791 176.2 
0.9334 1.67 190.0 1.4785 178.4 
0.9320 1 191.7 1.4790 177.8 
0.9329 1.76 192.0 1.4794 178.2 
Average....... 0.9330 1.638 191.9 1.4791 177.8 
BoMBAY SEED. 

| Saponifi- | Refractive Iodine 
Specific Gravit Acid 

Anaivet. | | Number. | | | umber 
| 0.9334 1.12 190.7 1.4796 179.8 
Diiccauvannweet 0.9340 1.20 193.0 1.4795 179.6 
0.9342 1.11 192.8 1.4787 178.6 
0.9327 1.03 | 190.9 1.4795 178.9 
cer 0.9341 1.12 195.0 1.4797 181.7 
Average....... 0.9336 1.22 -| 192.6 1.4794 179.5 


aSpecific gravity taken at 25°.5/25°.5C. This value not used in computing average. 
Specific gravity taken at 26°/26° C. This value not used in computing average. 


with respect to the iodine number, which is a little lower. Two 
of the samples have iodine numbers below the minimum of 
178 set by the tentative specifications. These results make 
it necessary to lower the minimum of 178 to 176, or to state 
that the specifications apply to oils from North American seed 
only. The latter course seems more advisable, and the sub- 
committee therefore recommends that the tentative specifica- 
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tions proposed in 1909, with the exception that there be no 
maximum limit to the iodine number, be adopted as standard 
by the Society, under the title of “‘Standard Specifications for 
the Purity of Raw Linseed Oil from North American Seed.” 
The recommended methods of testing for the specified properties 
given in the report for 1909 are included in the specifications, 
which are appended to this report. 

Hexabromide Precipitates—Owing to the fact that it is 
possible to adulterate raw linseed oil with other vegetable oils 


TABLE TI.—PERCENTAGE OF HEXABROMIDES. 


= 
Sample No. | Analyst. By 
| 1 33.60 
5 | 49.00 
| { 5 37.04 | 
1 35.60 
| 2 39.00 
| 5 37.90 
1 35.10 | 
2 44.30 
‘ 4 51.18 { 
| 37.90 
1 34.60 
2 46.30 | 
51.57 
38.10 
| 1 36.20 
2 39.30 


34.20 
to a considerable extent without detection, the sub-committee 
is also working to develop a test which will make this impos- 
sible. The determination of the hexabromides seemed to offer 
possibilities, so samples were sent out with the above circular 
letter outlining a method for the determination of the hexa- 
bromides on the free fatty acids of the oil. The results obtained 
in determining the hexabromides are given in Table II. 

The obvious conclusion to be drawn from the results 
obtained by the use of the method outlined by the committee 
is that it is unreliable and must, therefore, be abandoned. 


1In presenting these specifications the committee recommended the changes given on 
pp. 18-19. The specifications as amended appear on pp. 399-401.—Ep. 
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We wish to draw especial attention to the results obtained 
by Mr. G. W. Thompson by the Eibner method for determining 
the insoluble hexabromides of linseed oil. Duplicates gave 
results agreeing very closely. In his report Mr. Thompson 

states that the method is, in his opinion, a most satisfactory 
one for this determination. This method is given in abstract 
at the end of this report (pages 393-398). 

Your committee proposes to have this method used on 
other samples by several analysts during the coming year, in 
the hope that the results obtained will warrant our endorse- 
ment of the method and enable us to set limits for the per- 
centage of insoluble hexabromides of pure linseed oil. 


RESULTS OF TESTS ON BOILED LINSEED OIL. 


The boiled oil samples tested are as follows: 
Sample No. 
. Sample of boiled linseed oil, resinate type, taken at the Dean Works, 

American Linseed Co., July 16, 1912, by a representative of the 
New York Laboratory of the Bureau of Chemistry. North 
American seed. 

25....Sample of boiled linseed oil, linoleate type, taken at the Dean 
Works, American Linseed Co., July 16, 1912, by a representative 
of the New York Laboratory of the Bureau of Chemistry. North 
American seed. 

26....Sample of boiled linseed oi], resinate type (so described), taken at 
the works of the Archer Daniels Linseed Oil Co., Minneapolis, 
August 21, 1912, by a representative of the Minneapolis Lab- 
oratory of the Bureau of Chemistry. 

27....Sample of boiled linseed oil, linoleate type, taken at the works of 
the Midland Linseed Products Co., Minneapolis, August 21, 1912, 
by a representative of the Minneapolis anand of the 
Bureau of Chemistry. 

29....Sample of boiled linseed oil, linoleate type, pete at the Atlantic 
Mill, National Lead Co., January, 1913, by A. H. Sabin. 


The results obtained by the several analysts are given in 
Table ITI. 

* These results are interesting as showing figures which are 
of value in the consideration of specifications for boiled linseed 
oil, and are particularly gratifying in the general agreement of 
the determinations of ash and of lead, manganese, and calcium, 
showing that there are several good methods for these determi- 
nations as described in the individual reports given below. 
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TABLE III.—REsuLTs oF TESTS ON BOILED LINSEED OILS. 
No, 24. ResinaTe. 


Analyst. 


Aver.. 


Aver.. 


| so 
2 | 
| 
——| 
.|0.9424] 181.2 90.8 j..... 0.360 | 0.554 0.0641 0.107 | 0.0192 
.|0.9424) 180.6 | 192.4 = 1.113 | 0.370 |0 0590 | 0.110 | 0.020 
.|0.9429| 181.6 | 192.5 | 8.04 |1.4830¢) 0.920 | 0.350 | 0.0610, 0.094 | 0.011 
.|0.9413] 179.8 | 190.1 £.01 |1.4836 | 0.950 | 0.365 | 0.0693 | 0.106 | 0.025 
182.6 | 189.3 | 8.11 |...... ..... | 0.387 | 0.0680) 0.105 | 0.016 
0.9430} 181.9 | 191.0 | 8.44 |1.4826]..... 
0.9422; 181.3 | 191.0 7 1.4831 | 0.836 | 0.366 |0.0642 | 0.104 | 0.018 
SampLe No. 25. Linoueate. 
lo.9471 8 | 908.8 | 6.28 1.200 | 0.631 (0.038 | 0.322 0.012 
.|0.9468 | 182.2 | 193.3 | 0.810 | 0.590 | 0.035 0.370 0.030 
.|0.9473 | 180.2 | 193.2 6.30 |1.4835¢ 0.740 | 0.620 |0.043 0.330 0.019 
.|0.9462 174.9 | 190.8 | 6.40 (1.4829 | 0.799 | 0.678 | 0.046 0.392 0.035 
180.6 | 193.0 A 0.682 |0.041 0.445 | 0.020 
‘| 0.9488] 177.2 | 192.0 | 6.51 |..4853 | 0.651 
.|0.9472)| 178.9 | 192.2 6.34 4841 0.885 | 0.642 | 0.040 0.372 | 0.0232 
No. 26. Resinate. 
.10.9359 | 183.4 | 184.2 2.59 | 0.17 0.0255 |0.055 | 0.015 
.}0.9358 | 182.3 | 186.2 | 7.16 4.39 | 0.170 |0.0180/0.060 | 0.020 
.| 0.9358 | 184.6 | 185.7 6.90 48204) 4.31 0.210 | 0.0260 044 0.01: 
.10.9348 | 182.0 | 187.7 6.73 (1.4813 3.86 | 0.196 | 0.0329) 0.071 0.017 
183.7 | 186.0 | 6.80 0.197 |0.0270|0.053 | 0.013 
.|0.9359 | 182.6 | 184.4 | 7.05 |1.4821 
.|0.9356 | 183.1 | 185.7 | 6.80 (1.4820 | 3.79 | 0.190 | 0.0259 | 0.0566 | 0.016 
Sampie No. 27. Lino.eate 
J 0.9394 | 187.5 | 191.3 5.74 | para net 0.15 | 0.225 | 0.046 0.055 | 0.008 
10 9395 | 187.0 | 192.2 = eee 0.90 | 0.200 | 0.035 | 0.060 | 0.030 
0.9393 | 188,5 | 192.2 5.60 |1.4820e) 0.76 | 0.230 | 0.051 | 0.047 | 0.017 
0.9381! 185.1 192.9 5.69 |1.4816 | 0.80 | 0.242 | 0.054 | 0.053 | 0.014 
fe Ee |} 187.9 | 191.9 | 5.88 |...... eens 0.239 | 0.049 | 0.058 | ..... 
.|0.9400 184.3 191.6 | 6.08 |1.4870 
: 0.0208 | 186.7 192.0 | 5.87 |1.4843 | 0.65 | 0.228 | 0.047 | 0.055 | 0.017 
Sampie No. 29. 
.| 0.9439} 180.1 | 190.4 0.19 0.586 | 0.049 | 0.212 | 0.006 
.|0.9436| 179.4 | 190.5 | 5.67 |...... 0.85 0.580 | 0.051 | 0.32 0.030 
.|0.9438} 181.9 | 192.2 4.57 |1.4825¢| 0.73 0.580 | 0.051 | 0.270 | 0 025 
.|0.9425| 179.1 | 191.7 | 5.08 {1.4822 | 0.62 0.591 | 0.055 | 0.339 | 0.024 
0.613 | 0.053 | 0.312 | 0.012 
.| 0.9452] 180.0 | 194 5. 1.4030 i ....- 
0.9440; 180.1-| 191.9 | 5.00 1.4825 0.597 | 0.590 | 0.0518) 0.290 | 0.019 


@ These values are Refractive Index at 20° C. and are omitted from the averages. 
'Caleulated in some cases from oxides reported. 
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The following are individual reports from some of the 
analysts referred to above: 


REPORT OF ANALYST 1.—DEAN M. JACKMAN. 
Mr. GLENN H. PIcKarp, 


Chairman, Sub-Committee E on Linseed Oil. 
My dear Mr. Pickard: 


I enclose tabulation (Tables IV, V and VI) of the results obtained on 
samples ot boiled linseed oil sent with your letter of January 25. The 
methods used were in accordance with the instructions contained in the 
printed circular and require no special comment, except that as no muffle 
was available for ashing the oil, the final carbonaceous matter was burnt 


off over a Bunsen burner and it is probable that the results are somewhat 
low due to loss of lead. 


April 30, 1913. 


TABLE IV.—ConstTANTsS OF RAW LINSEED OILS, DETERMINED BY 


Dean M. JACKMAN. 


| 
lodine | Acid Specific Gravity 
Source of Oil, | Sample} Lab t— Num- | Num- at Zeiss Butyro- 
No. No. | Num- | _ ber, ber refractometer 
| | ber. Hanus. | 
| 15°.5C. | 25°C. at 25°C 
La Plata...... | 16 2202 | 191.0 | 171.0 | 1.40 | 0.9324 | 0.9279 1.4786 
| 191.1 | 172.4 | 1.12 | 0.9325 | 0.9278 
172.0) 
391.0 | 171.8 | 1.26 
Caleutta......| 17 2203 | 191.3 | 179.9] 1.40 | ...... 0 9286 1.4794 
190.9 | 179.8 | 1.12 | 0.9332 | 0 9286 
191.1 | 179.8 | 1.26 
Bombay....... 18 2204 | 191.4 | 179.6 | 1.12 | 0.9334 | 0.9288 1.4796 
190.0 | 180.0 | 1.12 | 0.9334 | 0.9288 
190.7 | 179.8 | 1.12 | 
North America| 19 2205 | 191.2 | 188.4 | 1.68 | 0.9357 | 0.9311 1.4806 
191.5 | 189.1 | 1.68 | 0.9355 _| 0.9309 
191.3 | 188.7 | 1.68 | 0.9356 | 0.9310 
North America| 20 2206 | 191.6 | 188.4 | 1.68 | 0.9356 | 0.9309 | 1.4805 
191.0 | 189 4 | 1.68 | 0.9358 | 0 9311 
“191.3 | 188.9 | 1.68 | 0.9357 | 0 9310 | 
North America 21 2207 | 191.8 | 187.3 | 2.52 | 0.9354 | 0 9307 1.4803 
191.0 | 188.3 | 2.24 | 0.9352 | 0.9307 
187 2 
191.4 | 187.6 | 2.38 | 0.9353 | 
Calcutta. ..... 22 2208 | 191.6 | 178.6 | 1.68 0.9334 | 0.9288 1.4794 
190.7 | 178.8 | 1.96 | 0.9332 | 0.9288 
178.5| 
191.2 | 178.6 | 1.82 | 0.9333 | 
La Plata...... 23 2209 | 190.3 | 172.6 | 3.36 | 0.9322 | 0.9275 1.4787 
190.6 | 173.7 | 3.08 | 0.9320 | 0.9276 
173.4 
190.4 | 173.2 | 3.22 | 6.9321 | 
Caleutta...... 28 | 2214 | 190.5 | 178.1 | 1.40 0.9282 1.4793 
191.0 | 178.2 | 1.68 | 0.9327 | 0.9281 
| 190.8 | 178.1 | 1.54 | 
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It is probable that such loss could have been avoided if muffle was 
employed and carbonaceous matter burnt off at a very low red heat. It was 
therefore necessary to determine lead on a 50-g. sample by boiling for an 
hour with a 10-per-cent solution of HCl and washing the oil several times 
with H,O in a separating funnel. 

On account of the small size of sample it was not possible to check this 
determination, but it is probable that one hour’s boiling is not always suffi- 
cient to insure complete removal of all the metallic oxides. 

It would be of great advantage if all the oxides could be determined 
in the ash and it is believed that this would be possible provided precautions 
are taken to prevent loss of lead. 

I want to express my appreciation of the careful work done by Dean 
M. Jackman of this laboratory on all the samples of oil covered by this year’s 
report. Very truly yours, S. S. VooRHEEs. 


TABLE V.—PERCENTAGES OF INSOLUBLE HEXABROMIDES, DETERMINED BY 
DEAN M. JACKMAN. 


| 2200 | 2201 | 2204 2206 2200 

\ 33.9 36.1 37.5 35.3 31.4 
| 33.6 35.6 35.1 4.5 © 2 


TABLE VI.—PROPERTIES OF BOILED LINSEED O1L, DETERMINED BY 
DEAN M. JACKMAN. 


| = = Metallic Oxides in 
| Oil Determined: 
| ¢ | | | 
| © Eg | with Acid. | Ash. 
| £4 | = $ = PbO, | CaO, 
ela) 2 | | | wer | wer | per 
24 2210 Resinate 0. 9425 181.4 |7.00| 190.6 |0.357 | 0.29 | 0.1123 | 0.0272 | 0.0876 
0.9423 | 181.1 |7.00| 191.1 |0.351 | 0.44 | 0.0907 
181.2 | 7.00) 190.8 | 0.354 | 0.36 |0.1152 0.0269 0.0891 
25 | 2211 | Linoleate| 0.9471) 177.7 | 5.32| 190.8 |0.631 |0.19)...... 0.0105 | 0.054 
0.9471 | 178.6 | 5.32| 191.4 | 0.632 |0.05/|0.348 | 0.0244 | 0.053 
178.1 | 5.32] 191.1 |0.6315/0.12|0.348 (0.0174 | 0.053 
26 | 2212 | Resinate 0.9358) 183.6 | 5.88| 184.1 |0.179 | 2.34|0.058 |0.0232| 0.035 
0.9359 | 183.2 | 6.44] 184.2 |0.175 | 2.84/0.061 | 0.0188 | 0.036 
183.4 | 6.16| 184.1 |0.177 | 2.59|0.060 |0.0210| 0.035 
27 | 2213 | Linoleate 0.9395) 187.4 | 5.60} 191.2 0.227 |0.19/0.053 |0.068 |0.065 
0.9393 | 187.5 |5.88| 191.4 (0.223 |0.12/0.065 |0.015 | 0.063 
187.4 |5.74| 191.3 |0.225 |0.15/0.059 |0.012 |0.064 
29 2215 | Linoleate|/ 0.9439| 180.4 | 4.20] 190.2 |0.588 | 0.18/0.239 | 0.005 | 0.069 
0.9439| 179.9 | 4.48] 190.6 0.585 | 0.210.219 |0.013 | 0.069 
| 180.1 |4.34| 190.4 |0.009 | 0.060 


| 

$ 


On LINSEED OIL. 383 


REPORT OF ANALYST 2.—E. W. BOUGHTON. 


METHODS USED FOR THE DETERMINATION OF LEAD, MANGANESE 
AND CALCIUM. 


Twenty to thirty grams of oil were ashed at a dull red heat. The ash 
was dissolved in warm HNO; and H.0,:. After cooling, about 25 cc. of 3-per 
cent HO, solution was added and a slight excess of NH,OH. The solution 
was kept fairly cool, not above 35° C. The precipitated peroxides of lead 
and manganese were filtered off and washed, then dissolved in warm HNO; 
and H;O:, and the precipitation with H,O, and NH,OH repeated. After 


TABLE VII.—ReEportT oF WorK ON RAw LINSEED Otts, By E. W. BouGHTON, 


Specific Gravity at | 


| 
Contract Sample | "15°.5/15°.5 C. Acia | nlodine | Saponifi- Refractive 
| Number, | cation ndex 
=50 ec. Plummet. Hanus. | Number. | at 25°C. 
'B=25 cc. Pyknometer. | | 
173.14 
0.9331 1.43 170.2 193.5 1.4780 
13862 16 Gas: 0.9333 | 1.4 170.9 193.2 | 1.4788 
[ Aver...... 0.9332 | 1.42 170.5 193.4 1.4784 
0.9338 1.32 178.5 193.2 1.4790 
13863 17 eR 0.9335 1.32 180.2 193.6 1.4800 
(| Aver...... 0.9337 1.32 179.4 193.4 1.4795 
0.9341 1.21 180.0 193.6 1.4792 
15864 | 18 eee: 0.9339 1.20 179.2 | 192.4 | 1.4798 
Aver...... 0.9340 1.20 179.6 193.0 1.4795 
0.9360 1.76 187.6 194.8 1.4800 
15865 19 Diccwcace 0.9359 1.76 187 .6 194.0 1.4810 
Aver...... 0.9360 1.76 187.6 194.4 1.4805 
0.9329 1.76 185.7 193.5 1.4801 
15866 go 0.9361 1.76 185.8 193.6 1.4810 
(| Aver...... 0.9360 1.76 185.8 193.6 1.4806 
Soe 0.9359 2.53 183.9 192.6 1.4800 
15867 ate Sees 0.9355 2.52 182.4 192.1 1.4808 
0.9357 2.52 183.2 192.4 1.4804 
0.9340 2.08 175.2 192.3 | 1.4785 
15868 0.9336 (176.6 191.6 | 1.4798 
| Aver...... 0.9338 2.07 175.9 | 191.9 | 1.4792 
ee eee 0.9327 | 3.62 171.4 190.8 | 1.4780 
15869 0.9326 | 3.60 171.8 191.6 1.4787 
| 0.9327 3.61 171.6 | 191.2 1.4784 
| 
0.9335¢ 1.76 176.0 192.6 | 1.4786 
| 0.9329 1.75 176.4 | 191.4 | 1.4796 
| 4.75 176.2 192.0 1.4791 
Aver...... 0.9328 


@Omitted from average. 
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filtering and washing a second time, the filtrates were united, and the calcium 
precipitated therein as oxalate, then weighed as oxide as usual. The lead 
and manganese peroxides were dissolved on the filter and the solution made 
up to 250 cc. in a graduated flask. Two hundred cubic centimeters were 
pipetted out for lead determination, which was made by adding H,SO,, 
evaporating to fumes, finally weighing the PbSO, on a Gooch crucible as 
usual. Twenty-five cubic centimeters were pipetted out for manganese, 
which was determined by the bismuthate method. The separation with 
H,O, and NH,OH works nicely when considerable calcium is present. The 
amount of calcium in the present samples was so small that the lead could 
probably have been separated directly as PbSO,, but the manganese would 
subsequently have to be removed. The advantage of the method lies in the 
fact that H2S or (NH,)2S is not used. Two precipitations are necessary, as 
some calcium is occluded. 


VIII.—REportT OF WorkK ON IODINE NUMBERS AND HEXABROMIDE 
DETERMINATIONS ON Fatty Acips OF RAw LINSEED OI, BY 
E. W. BouGuton. 


Method 


| ‘ | 
Precipi- | Experi- Iodine Number Hexabromides 
Consens ‘| comet tation ment of Fatty Acids, of Fatty Acids, 
of No. Hanus. per cent. 
Fatty 
Acids. 
Av. | Av. 
15860 5 A A-1 189.2 187.8 188.5 | 39.3 40.6 40.0 
15860 5 B B-1 186.1 187.5 186.8 | 39.0 38.4 38.7 
15861 6 A A-1 186.9 184.2 185.6) 37.4 40.5 39.0 
15861 6 B B-1 184.2 182.4 183.3) 35.5 34.8 35.2 
15864 18 A A-l 182.74 181.6¢ ..... 
187.9 190.0 189.0) 43.5 45.1 44.3 
15864 18 B B-1 182.3¢ 183.l¢ ..... 
188.9 189.4 189.2) 32.3¢ 39.1 39.6 
| 40.1 
| 
15866 20 A A-1 195.0 193.8 194.4| 45.9 46.6 46.3 
15866 | 20) | B B-1 176.8 171.9 174.4 
B B-2 194.5 195.5 195.0 | 38.9 38.4 38.7 
| 43.5 41.1 42.3 
15869 23 \ A-1 179.84 179. 5e | 
181.3 182.0 181.7) 38.4 40.2 39.3 
15869 | 23 | B B-1 168.24 170.64 
174.2 172.5 173.4 
15869 23 B B-2 173.6 176.3 175.0) 41.4 36.9 39.2 
| B | BB | 189.20 
| | 182.4 182.2 182.3| 38.7 36.6 37.7 


«Omitted from average; believed to be erroneous. 

A—Oil saponified, fatty acids separated, boiled with distilled water until free from mineral 
acids, and filtered through filter paper. 

B—Goldschmidt’s method, using U. 8S. P. ether. 


‘ 
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TABLE I[X.—REPORT OF WorRK ON BoiLep LINSEED OIL, BY 
E. W. BouGutTon. 
— 
| Unsaponi- 
fiable Resin Test. 
62 | 3 
old na 3 i = |S | mins 
15870 24 0.94112 180.5 | 8.30 0.38 | 0.11 |0.059| 0.02 | 1.63 | 1.13 | present | present 
0.9423 |180.7 | 8.41 |191.5 | 0.36 0.058 | 0.02 
0.9425 |..... 192.5 | . 
| Ay.0.9424 180.6 | 8.36 192.4 | 0.37 | 0.11 |0.059| 0.02 | 
| | 
15871 | 25 0.9469 176.32) 6.25 1193.5 | 0.60 | 0.35 |0.032] 0.03 | 1.30 | 0.81) not not 
0.9467 176.50 6.42 |193.1 | 0.57 | 0.38 |0.037| 0.03 | detected | detected 


Av.0.9468 (182.2 | 6.34 193.3 | 0.59 


4.73 | 4.39 not not 


0 
26 0.93644 182.3 | 7.15 186.2 | 0.17 | 0. | 
0 | detected detected 


06 
0.9357 182.2 | 7.16 |186.1 | 0.17 | 0.05 |0.018 


0.03 

0.04 

0.02 

0.01 

 Av.0.9358 182.3 | 7.16 186.2 | 0.17 | 0.06 0.02 
15873 | 27 0.9392 186.2 | 6.16 |192.6 | 0.22 | 0.07 | 0.040 | 0.04 | 0.96 | 0.90 not 

0.06 0.01 

0 03 

0.03 

0.03 

0.03 


not 
0.9397 (187.7 | 6.23 |191.7 | 0.18 detected | detected 


0 
15875 | 29 0.9434 (178.7 | 5.41 |190.5 > 1.10 | 0.85 


not not 
detected | detected 


Av.0.9436 [179.4 | 5.67 [190.5 | 0.58 | 0.32 | 0.051) 0.03 


Omitted from average; believed to be erroneous. 


The figures for calcium are uncertain owing to the smallness of the samples. At least one quart should be sent to 
each analyst. 


For the determination of unsaponifiable the Buemer method was followed, using one-fifth the prescribed quantities 
and omitting the second treatment with the alcoholic KOH. Where petrolic ether was used it was necessary to add 
alcohol to break up the emulsions. 


REPORT OF ANALYST 3.—S. GINSBURG. 


The figures for calcium, given in Table XI, are uncertain owing to the 
small size of the samples. The methods for the determination of the lead, 
manganese and calcium were the same as given in Mr. Boughton’s report. 

The unsaponifiable for boiled oils, Table XI, was determined by the 
Boemer method, using one-fifth the prescribed quantities and omitting the 
second treatment with alcoholic KOH. It was found necessary to use 
alcohol to break up th2 emulsions formed when petrolic ether was used as 
the extracting material. 

It will be noted that the ratio of unsaponifiable extracted with ether 
to unsaponifiable «xtracted with petrolic ether =1.54, 1.55, 1.53, and 1.59, 
respectively, in samples Nos. 24, 25, 27 and 29. This fact led to the 
determination of the unsaponifiable in a sample of commercial boiled oil. 
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The Boehmer method was followed exactly. When petrolic ether was used 
for the extraction, it was found necessary to add alcohol in order to break 
up the emulsions that formed. 


ETHER EXTRACT, Perrovic EtHer Extract, 
100 GRAMS OF OIL. 100 GRAMS OF OIL. 
1.05 per cent 0.65 per cent 
1.07 0.68 
Aver.=1.06 “ Aver. = 0.67 


___Ether Extract _ 
Petrolic Ether Extract ~ 
Upon treatment of the unsaponifiable extracted by ethyl ether with 


petrolic ether it was found that white, flocculent residue remained undis- 
solved. 


TABLE X.—REPORT OF WORK ON LINSEED OILS, BY S. GINSBURG. 


| 
| 
3 Specific Gravity at 2 Iodine Saponifi- | Refractive 
Contract | Sample | 15°.5/15°.5C.. | Acid | Number, | _ cation Index 
No. No. |25-ee. Pyknometer.| Number. “Hanus. | Number. at 25° C. 
(| 0.9330 | 1.39 170.9 190.1 
1586216 | 0.9329 1.41 170.3 189.8 1.4779 
| | Av.....0.9330 1.40 170.6 190.0 | 
| | 0.9339 | 1.23 177.9 | 190.2 1.4785 
15863 17 | 0.9342 1.24 178.3 | 190.0 
0.9341 1.24 178.1 190.1 
| 0.9345 1.12 178.6 191.9 | 1.4787 
15864 is || 0.9338 1.09 178.6 193-6 | 
| Av.....0.9342 1.11 178.6 192.8 
0.9357 1.61 187.4 189.7 1.4795 
15885 » || 0.9363 1.66 187.7 189.8 
Av.....0.9360 1.64 187.6 189.8 
(| 0.9361 1.71 187.6 190.9 1.4791 
15888 a | 0.9359 1.71 187.4 190.6 
| Av.....0.9360 1.71 187.5 190.8 
0.9354 2.48 185.2 191.5 1.4790 
15887 21 0.9354 2.46 186.0 190.1 | 
Av.....0.9354 | 2.47 | 185.6 | 190.8 | 
| 
0.93388 2.01 | 177.8 | 191.2 | 1.4778 
15868 2 0.9343 | 178.8 192.2 
Av.....0.9341 2.00 178.3. | 191.7 | 
0.9330 | 3.49 173.1 | 190.6 1.4773 
15869 33 0.9326 | 3.56 | 172.5 | 189.9 
Av.....0.9328 | 3.53 172.8 190.3 
0.9336 1.68 | 178.3 190.2 | 1.4785 
15874 98 0.9332 1.66 =| 178.4 189.7 | 
i? = 0.9334 1.67 178.4 190.0 | 
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TABLE XI.—REPORT OF WoORK ON BOILED LINSEED Ol, By S. GINSBURG. 
| | | | | Unsapon- 
ifiable, 
| percent.| Resin Test. 
3 | 2 
5 |e Be om |. 5 | sins of | 
ak |S |e] a i < 2 | | as 
15870 |24) 0.9428 | 181.3 |8.05| 192.0 |0.35| 0.096 /0.064 | 0.011 |1.42.9.92| present | present |1.4830 
0.9430 | 181.8 |8.03] 193.0 |0.35] 0.092 |0.057 | 
Av. 0.9429 | 181.6 |8.04| 192.5 |0.35/ 0.094 |0.061 
15871 25) 0.9474 | 180.0 |6. 30] 193.3 |0.62| 0.33 |).066e 0.019 /1.15.0.74| not not 1.4835 
0.9471 | 180.3 |6.30| 193.1 0.62|0.32 {0.041 | | detected | detected 
Av.0.9473 | 180.2 6.30] 193.2 |0.62| 0.33 [0.041 
15872 |26] 0.9357 | 184.0 |6.90] 185.3 |0.21| 0.046 |0.024 | 0.013 |4.66)4.31| not not |1.4820 
0.9359 | 185.2 |6.90| 186.1 |0.21| 0.041 |0.027 detected | detected 
Av.0.9358 | 184.6 |6.90| 185.7 |0.21) 0.044 |0.026 | 
15873 0.9392 | 189.0 |5.60) 192.2 |0.23, 0.042 |0.054 | 0.017 |1.16.0.76| not not |1.4829 
0.9394 | 188.0 |5.60| 192. 1 |0.23| 0.051 |0.048 | | detected | detected 
Av.0.9393 | 188.5 |5.60) 192.2 |9.23, 0.047 |0.051 | 
15875 |29] 0.9439 | 181.7 |4.72| 192.5 (0.58|0.27 |0.050 |0.025 1.160.73| not not |1.4825 
0.9437 | 182.1 |4.42| 191.8 |0.58|0.27 |0.051 | | | deteeted | detected 
Av. 0.9438 | 181.9 4.57) 192.2 |0.58|0.27 |0.051 


@ Omitted from average; believed to be erroneous. 


REPORT OF ANALYST 4.—C. B. MILLS. 


The method finally adopted for the determination of lead, manganese 
and calcium in boiled oils (Table XII) was to first get the oxides of the metals 
in the oil by ashing not less than 50 g. in a large porcelain dish, taking precau- 
tion to prevent any loss of lead by volatilization or the ash by dusting. Having 
gotten the ash practically free from carbon, the residue was treated with 
HCl and HNO; acids and the solution together with any insoluble matter 
was transferred to a small beaker, about 5 cc. one-to-one H:SO, added and 
the solution taken to fumes of SO;; allowed to cool and then diluted with 
water to about 100 cc. This warm solution was set aside for an hour or 
two and then 100 cc. of alcohol was added and the whole allowed to stand for 
one hour more. It was found by this treatment that the lead, free from 
calcium, could be easily and completely removed. The lead sulphate was 
dissolved in hot ammonium acetate to get rid of any SiO:, etc., and the lead 
precipitated as chromate in filtrate, filtered and weighed in gooches as usual. 

The filtrate from the insoluble sulphate, etc., containing the manganese 
and calcium, was diluted to 250 cc., and 100 cc. taken for manganese and 
100 cc. for calcium. 
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TabLe XII.—REsuLts or TEsTs ON RAW AND BOILED LINSEED OILS, BY 
C. B. Mitts. 


Iodine 


177.7 
16 } 171.8 
178.5 
178.9 
19 188.1 
187.5 
186.3 
176.5 
171.9 
24 (Boiled) 179.8 


25 (Boiled) 174.9 
26 (Boiled) 182.0 
27 (Boiled) 185.1 
28 


29 (Boiled) 179.1 


Oil No. 


24 (Boiled) 
25 (Boiled) | 
26 (Boiled) 
27 (Boiled) 
29 (Boiled) | 


Ash, 
per cent. 


Specific Gravity Acid ‘Refractive Saponification 
at 15°.5C | Number. Index | “Number. 
at 25 Cc. | 
0.9317 (Check 0.9315) | 5.44 1.4789 189.5 
0.9326 2.31 1.4790 190.2 
0.9323 | 1.37 1.4788 189.8 
0.9325 | 1.26 1.4792 192.1 
0.9327 1.03 1.4795 190.9 
0.9346 1.65 1.4805 190.2 
0.9348 1.72 1.4803 191.5 
0.9345 2.45 1.4805 190.9 
0.9323 1.94 1.4794 190.9 
-9311-0.9312 3.43 1.4787 189.8 
0.9413 8.01 1.4836 190.1 
0.9462 6.40 1.4829 190.8 
0.9348 6.73 1.4819 187.7 
0.9381 5.69 1.4816 192.9 
0.9320 1.60 1.4790 191.7 
0.9425 5.08 1.4822 191.7 
TABLE XII (Continued). 
| Unsaponifiable 

Mn, Pb, | Ca 

etrolic 
per cent per cent. | per cent. Ether, 

| per cent. 
0.0693 0.1060 0.025 0.95 
| 0.0459 0.392 0.035 0.79 
0.0329 0.0706 0.017 3.86 
| 0.0543 0.0529 0.014 0.80 
0.0556 0.3390 0.024 0.62 


TABLE XIII.—HEXABROMIDE NUMBERS, BY C. B. MILLs. 


By Commirree Meruop.! 


41.22 per cent 


43.18 
41.55 
41.56 


44.45 
51.18 
48.84 
48. 36 


By “Ersner’s MetHop.” 


Oil No. 5........ 49.00 
48.80 

“oe 48.51 

“ 18 51.04 

52.20 
“93 48.69 


1 Fatty acids prepared by first of two methods described in circular letter. 


per cent 


Oil No. | Number, } 
Hanus. 
\ 
f 
0.365 
0.678 
0.196 
0.242 
0.591 
J “ } 
“ | 
| 
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The manganese was determined by the Volhard method, the 100-cc. 
portion being checked by ashing another 50-g. sample and determining the 
manganese directly on the whole ash without first removing lead, etc. 
The results agreed satisfactorily. F 

The determination of calcium was carried out as follows: 

The solution was made alkaline with ammonia and treated with H.S 
for about one-half hour to precipitate the manganese, iron, etc. These 
sulphides were filtered off and the filtrate boiled until free from excess of 
ammonium sulphide; it was then made slightly acid with HCl and the remain- 
ing sulphides and free sulphur oxidized with bromine. In order to make 
sure that last traces of manganese were removed, the solution was made 
slightly alkaline with ammonia and again treated with bromine and filtered. 
The calcium was precipitated as oxalate in the usual way. The precipitate 
was ignited in platinum crucible, converted to sulphate, and weighed. 


REPORT OF ANALYST 5.—H. A. CROWN. 


Method of Ashing.—The sample, in a silica dish, was carefully heated 
by an inclined flame until the oil burned. The flame was removed and the 
oil allowed to burn as long as it would. The dish was then placed in the 
forward part of a gas muffle-furnace, heated to a dull red heat. When all 
the volatile matter was driven off, the dish was moved farther back in the 
muffle until all the carbonaceous matter was burned off. The ash was broken 
up with a platinum wire to insure complete combustion. 


TABLE XIV.—RESULTS OF TESTS ON RAW LINSEED OILS. 
(H. A. Crown). 


lodine | Saponi- Specific 
| Number, fication | Gravity 
, | Hanus. Number. | at 15°.5C. 
178.4 191.1 0.9333 1.09 
180.8 191.0 0.9333 1.08 
ae 189.1 191.2 | 0.9355 1.51 
Se 185.7 190.1 | 0.9356 1.63 
eine 186.5 190.7 | 0.9350 | 2.27 
172.9 190.3 0.9324 3.30 
179.3 189.9 0.9326 1.57 


TABLE XV.—RESULTsS OF TESTS ON FREE Fatty AcIDs. 
(H. A. Crown). 


From Sample No. Hexabromides,|!ding Number, 
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Determination of Manganese.—Separate portions of about 30 g. of 
the oil were ashed as above outlined. The ash was dissolved in nitric acid, 
specific gravity 1.135, to which a little 3-per-cent hydrogen peroxide was 
added. This dissolves the ash completely and quickly. The solution was 
boiled to expel the excess peroxide, cooled and then diluted with water to 
250 ce. For the determination of manganese, 50-cc. portions were taken, 
to which 15 cc. of concentrated nitric acid was added, making a nitric acid 
solution of approximately 1.135 specific gravity. From this point, the sodium 
bismuthate method was followed exactly as given in Blair’s Chemical 
Analysis of Iron, Seventh Edition. 

Determination of Lead and Calcium.—For the determination of lead and 
calcium, larger portions of the oil were taken, at least 50 g. The ash was 
dissolved in nitric acid and hydrogen peroxide as in the case of the determina- 
tion of managense, the entire solution being used for the determinations. 
Five cubic centimeters of concentrated sulphuric acid were added to the ash 
solution, which was then evaporated to white fumes. After cooling, about 


TABLE XVI.—REsULTs oF TESTS ON BOILED LINSEED O1Ls (H. A. Crowy). 


lodine Saponifi- : Percentage of 
Number. Ash. ‘Manganese. Lead. Calcium. 
182.6 189.3 8.11 | 0.387 0.068 0.106 0.020 
180.6 193.0 7.18 0.682, 0.041 | 0.445 | 0.016 
26..... 183.7 | 186.0 6.30 | 0.197 | 0.027 | 0.053 | 0.018 
187.9 191.9 5.88 0.239 | 0.058 0.028 


180.4 | 192.3 5.24 0.613 0.053 0.031 | 0.017 


200 ce. of 50-per-cent alcohol was added and allowed to stand for 2 or 3 
hours. Then the lead sulphate was filtered off and the filtrate saved for the 
determination of calcium. The washed precipitate was then dissolved in 
hot ammonium acetate, heated to boiling and the lead precipitated as 
chromate. The precipitate was collected in an alundum crucible, gently 
ignited and weighed. 

The filtrate containing the calcium was made alkaline with ammonium 
hydroxide and the hot solution treated with hydrogen sulphide. The 
precipitated sulphides were filtered off, the filtrate boiled to expel the excess 
of ammonium sulphide, and then made acid with HCl and bromine added 
to oxidize the free sulphur. The solution was then made alkaline with 
ammonium hydroxide and the calcium precipitated from the boiling solu- 
tion as oxalate. 

NotTE.—Separate portions for manganese were taken because the muffle 
was too small to ash a larger quantity at one time. Where a large enough 


quantity can be ashed at one time, only one solution need be made for all” 


three determinations, aliquot portions being taken. 
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REPORT OF ANALYST 7.—E. W. MARTIN. 


June 19, 1913. 
Mr. G. H. Pickarp, 
Chairman, Sub-Committee E on Linseed Oil. 
Dear Sir: 


We submit herewith our report on the samples of raw and boiled linseed 
oil received from your committee for analysis: 


TABLE XVII.—RESULTs oF TESTS BY E. W. MartTIN. 


| | 

z, 2. Tur- | 4. Moisture and 

2 | 1. Specific Gravity. | — | 3. Break- Volatile Matter, 5. Ash, 
Qa } an + per cent. 
\- | Hoste, ing Tests. | per cent 

At t 15°.5 At 25°C. | per cent. | Loss. 
5 | 0.9324 0.9282 | Trace No Break 0.068 
6 0.9342 | 0.9297 | 2.34 Break “Se oe 0.154 
16 0.9320 0.9281 1.00 Break | 
18 0.9341 | 0.9298 | Trace | NoBreak| 0.051 ..... 0.132 
20 | 0.9355 0.9315 | Trace | Break | 0.146 | ..... | 0.174 
23 (0.9327 0.9285 | 3.61 | Break | 0.04 | ...... 0.103 
24 | 0.9430 | 0.9382 | 0.25 | NoBreak| ..... | 0.521 0.368 
Very turbid. 
25 0.9488 0.9454 0.25 |NoBreak| ..... 0.366 | 0.651 
\Very turbid) | 

26 | 0.9359 | 0.9313 | 1.47 No Break | ..... 0.50 | 0.191 
27 | 0.9400 | 0.9358 | 0.85 NoBreak| ..... 0.43 0.236 - 
28 -9329 | 0.9284 | 3. 40 
29 | 0.9452 | 0.9409 | 0.35 No Break 0.651 0.593 


In Table XVII are given the results of the tests for specific gravity, tur- 
bidity and foots, breaking tests, moisture and volatile matter, and ash. 

1. The specific gravity was determined with a 25-cc. gravity bottle. It 
has an attached thermometer and was standardized with pure water at 15°.5 C. 
and at 25° C. 

2. The tests for turbidity and foots were run on 50-cc. samples in tall 
form water-comparison tubes. 

3. The breaking tests were made in a test tube, heating by direct flame. 

4. The moisture and volatile matter was determined in an air oven 
heated by a gas flame but maintained at 100° C. 

5. Ash—no comments. 

In Table XVIII is given the percentage of ongyen absorption, using 10 g. 
of PbO passing through a 100-mesh screen. 

In Table XIX are given the acid number, saponification number, the 
Liebermann-Storch test, refraction index at 25° C., and the iodine number. 

You will note that the oxygen absorption on the various samples does 
not correspond with the iodine values of the same samples. We attribute 
this to an unevenness in the quality of the PbO in the oxygen absorption test, 
which we obtained from a sample we had in our laboratory, and to the fact 
that the distribution of the oil over the PbO was not uniform. We did not 
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TABLE XVIII.—REsuLtTs or Tests By E. W. MartTIN. 


cil Increase in per cent in — hours. 
8 | 24 31 48 56 74 105 
5 Raw | 0.6200) 0.20 11.42 | 11.71 | 12.00 | 12.00 | 12.24 | 12.35 | 12.10 
6 0.6685; 0.63 | 11.84 | 12.60 | 12.89 | 12.90 | 13.13 | 13.22 | 12.90 
16 - 0.6226!) 0.33 7.71 | 11.86 | 13.30 | 13.50 | 13.64 | 13.53 | ..... 
18 " 0.6975| 0.64 | 11.74 14.12 | 14.76 | 14.92 | 15.08 | 15.00 ..... 
20 x 0.6164) 0.37 11.61 | 14.71 | 15.91 | 16.04 | 16.07 | 15.91 | ..... 
24 Boiled | 0.7359| 8.73 9.81 | 10.32 | 10.77 | 10.79 | 11.41 | 11.71 | 11.67 
25 = 0.6400; 8.48 9.62 | 10.04 | 10.50 | 10.67 | 11.14 | 11.33 | 11.28 
26 sie 0.6218/ 11.94 12.77 | 13.08 | 13.41 | 13.49 | 13.70 | 13.88 | 13.69 
27 7 0.7300 | 10.17 11.31 | 11.80 | 12.26 | 12.42 | 12.81 | 13.11 | 12.94 
29 Boiled | 0.7094) 8.06 9.43 9.92 | 10.43 | 10.70 | 11.23 | 11.58 | 11.51 
TABLE XIX.—RESULTs oF TEsTs BY E. W. MAartTIN. 
Liebermann-Storch | 
Sample| Acid | Saponification | Test. Refrac- Iodine 
o. | Number. Number. - Index Number 
25° C. (Hanus). 
Resin. Appearance. 

5 | 5.61 | 191.4 0 Green 1.4795 | 177.6, 177.4 
6 2.36 192.4 0 Brown and Yellow! 1.4796 | 180.2, 180.3 
16 1.54 | 191.4 0 Green 1.4789 | 171.8, 171.7 
18 1.12 195.0 0 Green 1.4797 | 181.4, 182.0 
20 1.77 192.2 0 Green 1.4811 | 188.5, 188.6 
23 3.57 191.5 0 Green 1.4788 175.0, 174.7 
24 8.44 191.0 very strong| Violet to Brown 1.4826 | 181.9, 181.8 
25 6.51 192.0 0 Brown 1.4853 176.9, 177.5 
26 7.05 184.4 weak Violet to Brown 1.4821 182.5, 182.7 
27 6.08 191.6 0 rown 1.4870 184.1, 184.6 
28 1.76 192.0 0 Green 1.4794 178.2, 178.2 
29 + 5.08 194.3 0 Brown 1.4829 | 180.4, 179.6 


test out all of the samples because some of them were not large enough for 
our purpose, and we omitted some of the determinations because of lack of 


time to complete them. 


These tests were made by our chemist, Mr. E. W. Martin. 


Yours very truly, 


MipLaANp LINSEED PrRopuctTs Co. 
E. C. 
Vice-President. 


Note by Mr. Pickard: These results are from the tests called for in the 


1909 report of our committee. See Proceedings, Vol. IX, pp. 141 ff. (1909). 
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EIBNER’S METHOD.! 


DESCRIPTION OF NEW METHOD FOR DETERMINATION OF HEXABROMIDE 
NUMBER OF LINSEED Ow Fatty ACcIpDs. 


The determination of the hexabromide number is preceded by the 
preparation of free fatty acids. 

1. Preparation of Pure Linseed Oil Fatty Acids.—Three and one-half 
grams of the linseed oil are weighed into each of three round-bottom evaporat- 
ing dishes of about 220-cc. capacity, Then, 45 cc. of one-half-normal alco- 
holic potash are added in each case and the dishes are placed on the water 
bath. This is brought slowly to boiling. The oil is frequently stirred with 
a glass rod, flattened at the end. By this method, the saponification is 
better and more quickly accomplished. 

The alcoholic potash is prepared as follows: 28 g. of solid pure caustic 
alkali are placed in a 1-liter measuring cylinder and dissolved in from 30 to 
40 cc. of distilled water; then, 97-per-cent ethyl alcohol is added, to make 
the volume 1 liter. The solution is allowed to stand for 2 or 3 days to 
settle out any cloudiness due to potassium carbonate. This potash solution 
is best kept in a brown bottle, stoppered with a rubber stopper. 

The water bath is not warmed until the evaporating dishes are filled. 
The saponification process begins slowly and gradually, so that the alcoholic 
soap solution does not crawl up to the rim of the evaporating dishes, thereby 
causing losses. The contents of the dishes are evaporated to dryness, with 
constant stirring and breaking up of the nearly dry soaps. In this way, the 
alcohol is completely removed. This whole operation of saponification and 
evaporation will take from 1 to 1} hours. The resulting product will be a 
light yellow, agreeable smelling soap powder. The soap which first comes to 
dryness is mixed with 50 cc. of hot water, and dissolved on the boiling water 
bath. This requires about 5 minutes. This soap solution is added to the 
soap which next comes to dryness, and the first evaporating dish is rinsed out 
with water. Finally, this solution is added to the soap which last comes to 
dryness. The whole soap solution is cooled off somewhat and poured into a: 
1-liter separatory funnel, graduated at 180cc. and 340cc. The volume of the 
soap solution must now amount to 180 cc. and must not be any greater. The 
light yellow soap solution, which is absolutely clear in a warm state, is now 
cooled down to the temperature of tap water, whereby it becomes slightly 
cloudy. By the addition of 20 cc. of five-normal sulphuric acid, the linseed 
fatty acids are freed, and float on top of the liquid. They have an agreeable, 
characteristic odor and are, in the beginning, precipitated in an opaque, white 
form. After a few seconds, the emulsion disappears. The acids then are” 
plainly yellow. The contents of the separatory funnel are now thoroughly 
shaken with 140 cc. of ether (second mark at 340 cc.), during which operation 


1Translation of part of Eibner's article in the Farben-Zeitung, November 23, 1912 (No. 8). 
(393) 
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the cock is opened at least once to avoid excessive pressure. After 5 minutes, 
the aqueous solution is drawn off as much as possible, the yellow ether solu- 
tion of fatty acids is gently rotated and allowed to stand for a minute. After 
this operation, a little more water will settle in the lower part of the separatory 
funnel, and is removed. After adding 70 g. of anhydrous Glauber’s salt, the 
fatty-acid solution is allowed to stand over night in the separatory funnel. 

The detailed operation is as follows: Saponification should not be 
started until the afternoon. After setting free the fatty acids with sulphuric 
acid, 100 cc. of ether are first used for shaking out and allowed tostand. The 
aqueous solution is drawn off into a second separatory funnel, and then 
shaken out again with 40 cc. of ether. The combined ether sclutions of fatty 
acids are then to be further treated as mentioned above. 

The next forenoon, the recovery of the pure fatty acids is undertaken. 
For this purpose, a tared Erlenmeyer flask of 200-cc. capacity is used. The 
flask is stoppered with a well-pressed, two-holed, cork stopper. In one of 
the holes is inserted a 50-cc. dropping funnel, which supports an ordinary 
small funnel. In the other hole is placed a glass tube of 0.5-cm. bore, bent at 
a right angle, and this is connected with a Liebig condenser. 

The dried ether solution of fatty acids is now filtered through a dry, 
folded filter (d = 18.5 cm.) into a 150-cc. Jena Erlenmeyer flask and from there 
is poured into the dropping funnel. Then about 100 cc. of this solution are 
run into the 200-cc. flask and the water bath is slowly warmed to about 
70° C. As the ether is distilled off, more of the solution is added, drop by 
drop. The distilled ether is used to extract the Glauber’s salt in the separa- 
tory funnel, which has absorbed a considerable amount of fatty acids. This 
is done six times, using from 100 to 120 cc. of ether each time. The fifth 
extraction is, as a rule, entirely colorless. Finally, by means of an ether 
wash-bottle, the folded filter, the flask used to receive the filtrate, the small 
funnel, and the dropping funnel are rinsed off, in order to recover quanti- 
tatively the fatty acids adhering to them. After the largest part of the 
ether is distilled off, the water bath is brought to boiling, and a few more 
cubic centimeters of ether will then be distilled off. a 

The extraction of the Glauber’s salt and the distilling off of the ether 
take about 1} hours. Even after ether has ceased to distill over, the fatty 
acids still contain some of it. Next, the flame of the water bath is extin- 
guished, the Liebig condenser and dropping funnel are removed, and a tight- 
fitting stopper, with gas inlet and outlet tubes, is inserted in the flask. The 
end of the former tube is placed 1 cm. above the surface of the fatty acids. 
The outlet tube is drawn out to a capillary to prevent the hydrogen gas, 
which circulates above the fatty acids, from escaping too quickly, and to 
force it to mix with the ether vapors before leaving the flask. The hydrogen 
is first purified by passing it through an alkaline lead salt solution and then 
through concentrated sulphuric acid. The flask is replaced on the water 
bath, which is kept boiling vigorously. In order to drive off the ether, two 
hours are required. From four to five gas bubbles per second should pass 
through the flask. Experiments made with carbon dioxide instead of hydrogen 
give the same results, but we prefer to use hydrogen. Next, the fatty acids 
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are removed from the water bath, and, with a clean cloth, the hot flask is 
wiped off on the outside and inside around the top of the neck; then, while 
warm, it is put in a vacuum desiccator. This is evacuated to a high degree 
and then left standing for at least 4 hours. By this means, the fatty acids, 
as a rule, become partly solid. They are then weighed very quickly and put 
in a vacuum as before. After 2 hours, the flask is again weighed as quickly 
as possible, the weights having previously been put on the balance. Finally, 
the desiccator with flask is once more evacuated, and left standing over night. 
The next morning, the weight of the flask is checked. 

2. Preparation of the 10-per-cent Ether Solution of Fatty Acids.—From the 
9 to 10 g. of weighed linseed oil fatty acids, a 10-per-cent ether solution is now 
made. Forty cubic centimeters of ether, dried over calcium chloride, are 
added to the fatty acids, and carefully shaken until the latter are dissolved. 
This solution is poured quantitatively into an accurately graduated 100-cc., 
glass-stoppered, measuring cylinder, the graduation marks of which run half 
way around the circumference of the cylinder, whereas those for every 10 
cc. run entirely around the cylinder. By means of an ether wash-bottle, 
the empty flask is washed with 20 cc. of ether, well shaken, and this liquid also 
is poured into the cylinder. The flask is then rinsed again, and care is taken 
to wash off whatever ether solution has run down on the outside. Therf the 
cylinder is filled up nearly to the 100-cc. mark and shaken. The glass stopper 
is raised for a moment, and, after a minute, the cylinder is filled to the mark 
and thoroughly shaken once more. The lower meniscus is read. 

3. The Brominizing Process.—By means of a standardized pipette, marked 
at the top and bottom, 20 cc. of the freshly shaken fatty-acid solution are 
removed from the graduated cylinder and placed in a 100-cc. Jena Erlenmeyer 
flask with not too narrowaneck. This 20 cc. should contain from 1.9 to 2.0 g. 
of fatty acids. A cork stopper, with a groove cut in the side, is placed in the 
flask, and then the latter is put in a cooling mixture of a temperature not 
exceeding —10° C. This mixture is prepared in a suitable vessel, such as 
a water bath, by mixing finely broken ice with the necessary quantity of salt, 
and thoroughly stirring the mixture with a strong glass rod. In winter, snow 
can be used. The cooling mixture must be so made that the flask can be 
easily moved in it. After leaving the ether solution in the cooling mixture 
for 10 minutes, it will have the desired temperature. In the meantime, 1 cc. 
of commercial bromine is placed in the brominizing burette. A 10-cc. burette, 
or even a smaller one, is the most suitable, but the glass cock must be well 
ground in, and the delivery point must be fine. Before brominizing, the flask 
containing the fatty-acid solution must be shaken slowly in the cooling mixture. 
Five-tenths cubic centimeter of bromine—half of the quantity to be used—is 
added in single drops, and then the other 0.5 cc. of bromine, in double drops, 
keepin; the flask cold throughout the operation by carefully shaking it in the 
cooling mixture. The detailed method of procedure is as follows: The cock of 
the burette is slowly opened, permitting a single drop of bromine to run down 
the side of the flask, thereby preventing loss by spattering. The cock of the 
burette is then closed, and the flask is shaken in the cooling mixture. After 
from 12 to 15 drops of bromine have been ‘added in this manner, the hex- 
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abromide of linolenic acid generally begins to precipitate in the form of a 
fine crystalline powder, which settles quickly. With every additional drop, 
the precipitate can be plainly seen to increase. After 0.5 cc. of bromine has 
been added in single drops, which should take approximately 20 minutes, the 
other 0.5 cc. is added in double drops in exactly the same manner. This will 
take 10 minutes, so that the entire brominizing process will consume 30 
minutes. After cooling for 2 minutes longer, the flask is again shaken and 
then allowed to stand stoppered for 2 hours in the cooling mixture. Over 
the precipitate can be seen a reddish brown fluid, a proof of the excess of 
bromine in the reaction mixture. Quite frequently, it is observed that some 
of the precipitate adheres to the sides of the flask, due perhaps to the intense 
cooling. This, however, cannot be avoided, and does not influence the 
quantitative recovery of the precipitated hexabromide. The time for 
brominizing, 30 minutes, must be strictly adhered to and must not be short- 
ened. The added bromine disappears almost immediately, until an excess 
has been added. During the 2-hours standing, the temperature may rise 
somewhat, but in order to avoid secondary reactions as far as possible, it 
should never exceed —5° C. In the meantime, the washing ether is pre- 
pared. Five cc. of ether are put in each of 5 test tubes, which are stop- 
pered and set in the cooling mixture. For filtering, a Daniel filtering 
tube is used, which is provided with an asbestos pad, made as thin and 
uniform as possible. Two grams of Kahlbaum’s asbestos, suspended in 500 
cc. of water, will be sufficient for a series of determinations. On top of the 
asbestos a perforated porcelain plate is placed, the diameter of which 
must be almost as large as the inside diameter of the filtering tube. The 
perforated plate has about 20 round openings, 2 mm. in diameter. One liter 
of distilled water is drawn slowly through the tube, and the latter, with its 
cover, is then dried for one hour at 110° C., allowed to cool for an hour in the 
desiccator, and then weighed. In weighing, the tube is suspended by an 
aluminum wire. After the bromide precipitate has stood for 2 hours in 
the cooling mixture, it is filtered. The tared filtering tube is connected with 
a filtering flask, which, however, during the whole filtering process, is not 
connected with the pump. After making sure once more that the cooling 
mixture is at the proper temperature, the operator removes the flask contain- 
ing the hexabromide and wipes it off with a dry cloth, without disturbing the 
precipitate. With the assistance of a glass rod, and without disturbing the 
precipitate, the mother-liquor is now carefully poured upon the filter and 
allowed to drain through completely. In the meantime, the precipitate is 
thoroughly shaken with the first 5-cc. portion of washing ether and left to 
settle in the cooling mixture. The ether becomes reddish brown; the 
precipitate becomes lighter. Immediately after the mother-liquor has run 
through the filter, the washing liquid in the flask is poured upon the filter, 
care being taken, however, to retain all the precipitate in the flask. The 
filter must never become dry, as this would cause a considerable delay in 
filtering. 

The precipitate is then thoroughly mixed with the second 5-cc. portion 
of ether and brought, as completely as possible, upon the filter, immediately 
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after the first portion of washing ether has drained through. The precipitate 
settles immediately, and above it is a yellow solution which filters easily. 

The flask is then cleaned with a feather, using the third 5-cc. portion of 
ether. Next, the precipitate still remaining in the flask is stirred up and 
brought upon the filter immediately after the preceding washing liquid has 
drained through. Then, the precipitate on the filter is stirred with a glass 
rod and is thus freed as much as possible from the mother-liquor. At this 
point, the washing ether, filtering through, still has a yellowish color, but the 
precipitate is almost white. The flask is again cleansed with the feather, 
using the fourth portion of ether. The latter, which is then colorless and 
contains only a trace of precipitate, is also poured upon the filter, in such a 
way as to rinse the rim of the filtering tube, up to which some of the mother- 
liquor has crawled during filtration. The precipitate on the filter is once 
more stirred up with the glass rod. The ether filtering through is now, in 
most cases, very faintly yellowish or colorless. Then the last 5-cc. portion of 
ether is used to rinse the flask once more. The glass rod is now cleaned with 
the feather, and the entire contents of the flask are brought upon the filter 
and allowed to run through. Then, with the filtering tube half covered, the 
filtering flask is connected with the suction pump, and the latter is worked 
strongly for one minute. The hexabromide shrinks to a very nice white mass. 
Occasionally, cracks occur in the precipitate. A small quantity of a slightly 
yellowish fluid is drawn from the bromide by the suction process, and the 
lower part: of the filtering tube often becomes somewhat clouded with a small 
amount of residue left after the washing ether has evaporated. The filtering 
tube is now removed from the filtering flask, wiped off outside, and heated in 
a drying oven for 2 hours at from 80 to 85°C. Then it is allowed to cool for 
1 hour in the desiccator and is weighed. It has often been observed that a 
hexabromide, which would be snow white in color, if dried at 80° C., becomes 
gray on the surface, if dried at 100° C. During filtration, especially dur- 
ing the first half of it, the precipitate must never become dry. Should this 
happen before the hexabromide is thoroughly pure, it can hardly be washed 
out completely, as sticky substances, bromides of various compositions, which, 
once dried, are difficult to dissolve in ether, adhere to the original precipitate. 
Before drying, the precipitate must be white, inside and out. If it shows a 
yellow color anywhere, it will partially melt during the drying process and 
become gray on the surface. The weight will then be somewhat too high. 
The filtering, as a rule, takes from 10 to 15 minutes and should not, at all 
events, exceed 25 minutes. The condition of the asbestos greatly influences 
the period of filtration. The hexabromide number is obtained by calculating 
the weight of hexabromide per 100 g. of fatty acids. 

The hexabromide method is now so accurate that the hexabromide num- 
bers of the fatty acids obtained by two separate saponifications of the same 
linseed oil check within 1 per cent. For two determinations run on the same 
fatty acid solution, the maximum difference is not more than 0.6 per cent. 
This accuracy is sufficient, as this is a complicated method involving many 
operations. All determinations by this method with various linseed oils 
have given very satisfactory results. For instance, with two different 
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saponifications of the same oil, the maximum difference was only 0.7 per 
cent. For the purpose of control, we had the hexabromide number of a 
linseed oil determined by disinterested parties. An average of 54.10 per cent 
was found. Two weeks later, we had the hexabromide number of the same 
linseed oil determined again, and this time the result was 54.21. Two 
determinations on the same linseed oil gave, as an average, a hexabromide 
number of 53.66. . 

It is important, for technical work, to obtain analytical results as quickly 
as possible. Consequently, we tried to make the hexabromide method more 
rapid without sacrificing its accuracy. 

We saponified the linseed oil in the morning in the usual manner, pre- 
pared the ether solution of fatty acids, and let it stand over the Glauber’s 
salt until three in the afternoon (4 to 5 hours). Then the fatty acids were freed 
from ether and treated with hydrogen for 2 hours. The pure fatty acids 
were left over night in a highly evacuated desiccator. By quickly weighing 
in the morning, the weight of acids was ascertained, and then we began the 
determination of the hexabromide number, so that the result was obtained 
during the afternoon. In the meantime, the iodine number and saponifica- 
tion number could have been determined, and also a qualitative test could 
have been made. So a pure linseed oil could be analyzed within two days, 
excepting in cases where the oil is to be tested for rape seed oil, in which case 
the separation and identification of erucic acid become necessary. Saponifica- 
tion could also be started in the afternoon, giving the ether solution of fatty 
acids a chance to stand over night with anhydrous Glauber’s salt. The next 
day, the free fatty acids could be left in the desiccator until afternoon, but at 
least four hours should be allowed. 


Respectfully submitted on behalf of the sub-committee, 


GLENN H. PIcKarp, 
Chairman. 


{[Note.—The proposed Standard Specifications for the 
Purity of Raw Linseed Oil from North American Seed as 
amended (see pp. 18-19) were adopted by letter ballot of the 
Society on August 25, 1913, and follow the report of this sub- 
committee.—Eb.] 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 
AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


STANDARD SPECIFICATIONS 


FOR 


THE PURITY OF RAW LINSEED OIL FROM NORTH 
AMERICAN SEED. 


ApopTep AuGusT 25, 1913. 


I. PROPERTIES AND TESTS. 


1. Raw linseed oil from North American seed snall conform Properties. 
to the following requirements: 


MAximum, Minimum, 


° 
Specific Gravity at 0.936 0.932 
pe 25° 

Specific Gravity at 0.931 0.927 
Saponification 195 189 
Un;aponifiable matter, per cent.............. 1.50 
Refractive Index a 1.4805 1.4790 
Iodine Number 178 


METHODS oF TESTING. 

2. The recommended methods of testing are as follows: Methods of 

General.—All tests are to be made on oil which has been 7% 

filtered at a temperature of between 60° and 80° F. through 
(399) 
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paper in the laboratory immediately before weighing out. ‘The 
sample should be thoroughly agitated before the removal of a 
portion for filtration or analysis. 

Specific Gravity.—Use a pyknometer, accurately standardized 
and having a capacity of at least 25 cc., or any other equally 
accurate method, making a test at 15°.5 C., water being 1 at 
15°.5 C., or a test at 25° C., water being 1 at 25° C. 

Acid Number.—¥Expressed in milligrams of KOH per gram of 
oil. Follow the method described in Bulletin No. 107, revised 
1908, Department of Agriculture, Bureau of Chemistry, page 142. 

Saponification Number.—Expressed as with Acid Number. 
Blanks should also be run to cover effect of alkali in glass. 
Follow method given in Bulletin No. 107, revised 1908, Depart- 
ment of Agriculture, Bureau of Chemistry, pages 137-138. 

Unsaponifiable Matter—Follow Boemer’s method taken 
from his Ubbelohde Handbuch Der Ole u. Fette, pages 261-262. 
“To 100 g. of oil in a 1000 to 1500-cc. Erlenmeyer flask add 60 cc. 
of an aqueous solution of potassium hydroxide (200 g. KOH 
dissolved in water and made up to 300 cc.) and 140 cc. of 95-per 
cent alcohol. Connect with a reflux condenser and heat on the 
water bath, shaking at first until the liquid becomes clear. Then 
heat for one hour with occasional shaking. Transfer while yet 
warm to a 2000-cc. separatory funnel to which some water has 
been added, wash out the Erlenmeyer with water using in all 
600 cc. Cool, add 800 cc. of ether and shake vigorously one 
minute. In a few minutes the ether solution separates perfectly 
clear. Draw off the soap and filter the ether (to remove last 
traces of soap) into a large Erlenmeyer and distill off the ether, 
adding if necessary one or two pieces of pumice stone. Shake 
the soap solution three times with 400 cc. of ether, which add to 
the first ether extract. To the residue left after distilling the 
ether add 3 cc. of the above KOH solution, and 7 cc. of the 
95-per cent alcohol, and heat under reflux condenser for 10 
minutes on the water bath. Transfer to a small separatory fun- 
nel, using 20 to 30 cc. of water, and after cooling shake out with 
two portions of 100 cc. of ether; wash the ether three times with 
10 cc. of water. After drawing off the last of the water, filter 
the ethereal solution so as to remove the last drops of water, 
distill off the ether, dry residue in water oven and weigh.” 
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Refractive Index.—Use a properly standardized Abbé 
Refractometer at 25° C., or any other equally accurate in- 
strument. 

Iodine Number (Hanus).—Follow the Hanus method as 
described in Bulletin No. 107, revised 1908, Department of 
Agriculture, Bureau of Chemistry, page 136. 
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REPORT OF SUB-COMMITTEE F ON THE 
DEFINITION OF TERMS USED IN PAINT SPECIFICATIONS, 


In its last report' this sub-committee submitted defini- 
tions of certain general terms frequently used in paint specifi- 
cations. The sub-committee has added to that list proposed 
definitions of the following terms: covering power, hiding 
power, spreading power, fineness, hue, tone, drier, density, and 
gallon. 

The sub-committee recommends that these definitions be 
adopted as standard by the Society. Very often these terms 
have been used in confusing and contradictory senses. It is 
hoped that by having standard definitions, paint specifications 
can be made clearer and less open to differences of opinion 
as to their meaning. 


Respectfully submitted on behalf of the sub-committee, 


G. W. THompson, 
Chairman. 


[Nore.—According to the regulations governing the adop- 
tion of proposed standard definitions, the definitions proposed 
in this report are printed in the Proceedings, subject to action 
at the next annual meeting.—Eb. | 


1 Proceedings, Am. Soc. Test. Mats., Vol. XI, p. 223 (1911). 
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AMERICAN SOCIETY FOR TESTING MATERIALS 
PHILADELPHIA, PA., U. S. A. 
AFFILIATED WITH THE 


INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


PROPOSED STANDARD DEFINITIONS 
OF 
TERMS USED IN PAINT SPECIFICATIONS. 


Standard.—A term designating a quality or qualities specified. 
Equal to.—The use of this term should be avoided if possible. 
Pure.—Standard, without adulteration. 


Commercially pure.—Is not defined and should not be used in 
specifications, as it involves the absence of “‘ standard.” 


Adulteration.—The partial substitution of one substance for 
another. 


Adulterant.—A substance partially substituted for another. 


Bulk.—The bulk of a pigment shall be considered as the total 
volume of the pigment and the voids, and varies inversely 
as the specific gravity of that volume. 


Voids.—The space between the particles of a pigment, even 
though occupied by air or by a vehicle, whether liquid or 
dried. 

Opacity.—The obstruction to the direct transmission of visible 
light afforded by any substance, comparison being made 
with sections of equal thickness. The opacity in the case 
of pigments should be considered as referable to their 
opacity in a vehicle under standard conditions. 

(403) 
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Covering power.—The use of this expression should be avoided 
as being confusing. 


Hiding power.—The power of a paint or paint material, as used, 
to obscure optically a surface painted with it. 


Spreading power.—The relative capacity of a paint or paint ma- 
terial, as used, of being brushed out to a continuous uniform 
paint film expressed in terms of the area to which a unit 
volume, as used, is applied. 


Fineness.—A term used to denote the extent of sub-division and 
expressive of the number of particles of pigment in a unit 
volume exclusive of voids. 


Crystalline—Having a definite structure referable to one of the 
systems of crystallography. 


Amorphous.—The opposite of crystalline. 


Paint.—A mixture of pigment with vehicle, intended to be 
spread in thin coats for decoration or protection, or both. 


Pigment.—The fine solid particles used in the preparation of 
paint, and substantially insoluble in the vehicle. 


Vchicle-—The liquid portion of a paint. 


Volatile thinner.—All that liquid portion of a paint, except 
water, which is volatile in a current of steam at atmospheric 
pressure. 


Non-volatile vehicle.—The liquid portion of a paint, excepting 
water, which is not a volatile thinner by the above definition. 


Tinting strength.—The relative power of coloring a given quantity 
of paint or pigment selected as standard for comparison. 


Color.—A generic term including the colors of the spectrum, 
white and black, and all tints, shades and hues which may 
be produced by their admixture. 


Tint.—A color produced by the admixture of a commercial 
coloring material, excepting white, with a white pigment 
or paint, the white predominating. 


Hue.—The predominating spectral color in a color mixture. 
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Tone.—The color which principally modifies a hue or a white 
or a black. 


Drying.—The solidification of a liquid film, independent of 
change in temperature. 


Drier—A material containing metallic compounds added to 
paints for the purpose of accelerating drying. 


Specific gravity.—The relative weight of a unit volume of a 
substance compared with the weight of the unit volume of 
water at defined temperatures. 


Density.—This is a purely scientific term. Its use should be 
avoided in specifications. 


Gallon.—The measured gallon is 231 cubic inches. Where 
a measured gallon is called for, the temperature at which 
it is to be measured should be specified. Where a weighed 
gallon is called for, the weight should be specified or obtained 
from the specific gravity of the material at a definite tempera- 
ture. 


Water.—Dissolved water or water not definitely or chemically 
combined. 


Dry.—Containing no uncombined water. 


ee 
| 
| 
| 
> 
> 
, 44 
> 
- 
| 
4A 


REPORT OF SUB-COMMITTEE J ON THE TESTING 
OF WHITE PAINTS. 


Sub-Committee J, on the Testing of White Paints, begs to 
submit the following report. The Proceedings of the Fourteenth 
Annual Meeting of the Society' contain the last published 
report of the sub-committee. The work planned in that report 
has been practically completed. 

The pigments used were donated by the following manu- 
facturers: 

Acme White Lead & Color Co., Samuel H. French & Co., 
International Pulp Co., Mineral Point Zinc Co., National Lead 
Co., Neilsen, Klein & Krousse, New Jersey Zinc Co., The Pat- 
ton Paint Co., Picher Lead Co., Westmoreland Chemical & 
Color Co., and C. K. Williams & Co. 

The oil used in grinding the paints was donated by the 
American Linseed Co. and National Lead Co. 

The drier and the oil used in thinning: were donated by the 
National Lead Co. 

The gasoline with which to clean the mills used in the 
grinding of the paints was donated by The Standard Oil Co. 

_ The turpentine used in thinning the paints for first coats 
was donated by The Baltimore & Ohio Railroad Co. 

The cans used were donated by The American Can Co. 

The panels, which were strips of yellow poplar (Lirioden- 
dron tulipifera, L.) 8 by 1 by 36 in., were donated by The Penn- 
sylvania Railroad Co. 

The labor of applying the paint was donated by The Bai- 
timore & Ohio Railroad Co. 

The expense of constructing the frame and mounting the 
test pieces was shared equally by the Bureau of Chemistry of 
the Department. of Agriculture, and the Bureau of Standards 
of the Department of Commerce and Labor. 


1Vol. XI, p. 225 (1911). 
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The specific gravities of the pigments used in calculating 
the formulas are as follows: 


Samples Nos. 1 to 3.—Basic lead carbonate............. 6.6 
Samples Nos. 4 to §.—Zinc oxide.............0cececeee: 5.4 
Sample No. 6.—Basic lead sulphate................... 6.3 
,Sample No. 7.—Leaded zinc 5.61 
Sample No. 11.—Calcium carbonate.................... 2.65 
Sample No. 12.—Calcium sulphate..................... 2.29 


The specific gravities of the pigments actually used were 
determined in the laboratory of the National Lead Company 
by the following method: 

Apparatus.—The apparatus used in this method consists of a burette, 
similar in shape to a thistle-tube, 38 in. high, having a capacity of 100 cc. 
with only 20 cc. graduated, each cubic centimeter having 50 divisions; the 
20-cc. graduation has a length of 28} in., and the burette is 8 mm. in diameter 
in this length. Also, a 100-cc. graduated glass-stoppered flask with narrow 
neck, a short-stem 2-in. funnel, and a stiff piece of brass wire. _ 

Finding the Capacity of Flask.—Fill the specific gravity burette with 
kerosene oil that has been filtered and find the capacity of the 100-cc. gradu- 
ated glass-stoppered flask, letting the burette drain for 15 minutes before 
taking the reading. The precaution of letting the burette drain for 15 min- 
utes before taking the reading should be followed in each determination. 
Note the temperature of the room and regulate the ventilation, having the 
temperature remain near this point while making all determinations. 

Method.—Weigh out 100 g. of finely divided (crushed) sample of pig- 
ment, if the pigment is a fairly heavy one; if the pigment is a light one, weigh 
out 25 g. Place the weighed portion in the 100-cc. flask by running through 
the short-stem funnel, using the wire if necessary to aid in getting the pig- 
ment through the stem of the funnel. If desirable, the dry flask may be 
weighed before and after the addition of the pigment in the flask. Fill the 
specific gravity burette with kerosene oil; allow the oil to run into the flask 
containing the pigment until it is level with the 100-cc. mark on the flask, 
and put in the glass stopper. Place the neck of the flask between the palms 
of the hands and move one hand back and forth, giving the flask a rotating 
motion and wetting the pigment thoroughly with kerosene. To displace the 
last trace of air bubbles, tap the flask gently on a cloth-covered surface. 
Remove the glass stopper carefully, letting any kerosene that may have 
collected on the stopper run back into the flask. Make the volume in the 
flask up to the 100-cc. mark, adding more kerosene from the burette. This 


4 
> 
f 
Ab 
4 
af 
pie, 
| 
| 
| 
| 
} 
x 
PR 
| 
| 


408 Report oF Sus-CommitTEE J oF CommiTTEE D-1 


operation should be repeated until the fotating motion and tapping do not 
change the volume of the kerosene in the flask, denoting that all of the air 
has been displaced. When the volume in the flask is constant, let the burette 


drain for the required time and then take the reading. 


Letting A =Capacity of flask; 


B=Reading of burette; 
C=Volume of pigment in flask (A —B=C); 


D=Weight in grams of the pigment used in determination; and 


E=Specific gravity of the pigment; 
D 


the specific gravity of the pigment is E= 7 ye B(= C) 


Notes.—The most convenient temperature to work with will be room 
temperature, about 21° C., having the kerosene oil and apparatus in the room 
for some time before starting determinations. 

To remove the kerosene from the flask after each determination, rinse 
the flask twice with ether and dry with air from blastlamp bellows. 


The specific gravities obtained are as follows: 


Sample No. 1.—Basic Lead Carbonate, designated by the manufac- 
turer as Dutch Process White Lead................ 6.38 
Sample No. 2.—Basic Lead Carbonate, designated by the manufac- 
Sample No. 3.—Basic Lead Carbonate, designated by the manufac- 
turer as Mild Process White Lead.................. 6.67 
Sample Ne. 4.—Zinc Oxide, designated by the manufacturer as Flor- 
ence Green Seal French Process Zinc Oxide.......... $.35 
Sample No. 5.—Zine Oxide, designated by the manufacturer as XX 
American Process Zinc Oxide..............eseeec0 5.45 
Sample No. 6.—Basic Lead Sulphate, designated by the manufacturer 
Sample No. 7.—Leaded Zinc Oxide, designated by the manufacturer as 
Sample No. 8.—Siliceous Material, designated by the manufacturer as 
Sample No. 9.—Silicate, designated by the manufacturer as Asbestine. 2.77 
Sample No. 10.—Clay, designated by the manufacturer as L.G.V. China 
Sample No. 11.—Calcium Carbonate, designated by the manufacturer 
as Extra Gilders Whiting, Bolted.................. 2.68 
Sample No. 12.—Calcium Sulphate, designated by the manufacturer as 
2.30 
Sample No. 13.—Barium Sulphate, designated by the manufacturer as 


Cream Floated Lead Bloom (Water-Floated Barytes). 4. 
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ANALYSES OF PIGMENTS. 


The pigments were sampled by Messrs. Sabin and Rogers 
and samples were sent to a number of members of the committee 
who intended to make analyses. Up to the present time only 
two sets of analyses have been received, from the Bureau of 
Standards and the Bureau of Chemistry. As these analyses 
were made entirely independently, and differ in mode of expres- 
sion, it is deemed best to report the results of each analyst 
independently of the other. 

Following are the analyses reported from the Bureau of 
Standards: 


SampLE No. 1.—Basic LEAD CARBONATE (DuTcH PRocEss WHITE LEAD). 
(Lab. No. 1121, Test No. Ic-9). 


Per cent. 
by evolution and absorption in soda lime: 
11.69, 11.73 (Av. 11.7%). 
Carbonic anhydride (C 
7 (COs) by combustion and absorption in soda 
21.8, 119, 11.4; 
Total HxXO—by combustion and absorption in CaCl: 2.32, 2.31, 2.27. 2.30 
Residue after ignition: 85.83, 85.81, 85.83, 85.86, 85.83........... 85.86 
Lead oxide (PbO)—weighed as PbSO,: 84.9, 85.0.. 85.0 
Moisture—eby drying at 95° 0.26 
Insoluble siliceous 0.03 


Probable Composition. 


Lead carbonate (PbCO;)—calculated from CO, by evolution (11.7%)71.0 
Lead hydrate (Pb(OH):)—calculated from total H:O corrected for 


Color—white, slightly brown. — 


SAMPLE No. 2.—Basic LEAD CARBONATE (CARTER WHITE LEAD). 
(Lab. No. 1122, Test No. Ic-9.) 


Per cent. 
by evolution and absorption in soda lime: 
: . 11.60, 11.57 (Av. 11.6%). 
by combustion and absorption in soda 
Total H,O—by combustion and absorption in CaCl»: 2.35, 2.33, 2.312 2.34 
Residue after ignition: 86.15, 86.15, 86.16 
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SAMPLE No. 2.—Continued. Per cent. 

Lead oxide (PbO)—weighed as PbSO,: 85.8, 85.9........... 85.9 
Moisture—by drying at 0.10 
Insoluble siliceous matter ...................00000- 0.02 


Probable Composition. 
Lead Carbonate (PbCO;)—calculated from CO, by evolution 


Lead hydrate (Pb(OH):)—calculated from total corrected 


Color—practically white. 


SamPLE No. 3—Basic Leap CARBONATE (MILD Process WHITE LEap). 
(Lab. No. 1123, Test No. Ic-9.) 


Per cent. 
by evolution and absorption in soda lime: 


ic anhydride (CO,), )_ 11-57, 11.56 (Av. 11.6%). 
by combustion and absorption in soda 


Total H,O—by combustion and absorption in CaCl): 2.17, 2.14, 2.17 2.16 
Residue after ignition: 86.30, 86.28, 86.29 
Lead oxide (PbO)—weighed as PbSO,: 85.6, 85.7.... 85.7 
Moisture—by drying at 95° 0.08 


Probable Composition. 


Lead carbonate (PbCO;)—calculated from CO: by evolution (11.57%) 70.2 
Lead hydrate (Pb(OH)2)—calculated from total HO corrected for 


Color—white, with brownish tint. 


SamMPLE No. 4.—Zinc (FLORENCE GREEN SEAL FRENCH PROCESS 
Zinc OXIDE). 


(Lab. No. 1124, Test No. Ic-9.) 


Per cent. 
Zinc oxide (ZnO)—titrated with K,Fe(CN)«.............20000eceee 99.36 
Lead oxide (PbO)—determined as sulphate.......................4. 0.25 
Oxides of iron and aluminum (Fe,0;+Al.0;)....................-. 0.07 


Color—white. 
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SAMPLE No. 5.—Zinc OxipE (XX AMERICAN Process Zinc OXIDE). 
(Lab. No. 1125, Test No. Ic-9.) 


Per cent. 
Zinc oxide (ZnO)—titrated with 98.88 
Lead oxide (PbO)—determined as sulphate........................ 0.21 
Oxides of iron and aluminum (Fe,0;+Al.O;)...................... 0.22 
Color—white, with a yellowish brown tint. —- 


SAMPLE No. 6.—Basic LEAD SULPHATE (SUBLIMED WHITE LEap). 
(Lab. No. 1126, Test No. Ic-9.) 


Per cent. 
Lead oxide (PbO)—determined as sulphate...................2005- 72.20 
Zinc oxide (ZnO)—titrated with 6.16 
Oxides of iron and aluminum (Fe,0;+Al03).................2005- 0.08 
Probable Composition. 
Oxides of iron and aluminum (Fe:0;+AlO;)...................-0. 0.08 
Color—white, with a yellowish brown tint. _— 


SAMPLE No. 7.—LEADED ZINC OxIDE (LEADED OXIDE OF ZINC). 
(Lab. No. 1127, Test No. Ic-9.) 


Per cent. 
Lead oxide (PbO)—determined as sulphate........................ 11.37 
Zinc oxide (ZnO)—titrated with 84.90 
Oxides of iron and aluminum 0.10 
Probable Composition. 
Oxides of iron and aluminum (Fe:03;+Al.03)...................45- 0.10 


Color—white, with a shade of yellowish brown. —_ 
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SampLe No. 8.—Siticeous MATerRIAL (SILICA). 
(Lab. No. 1128, Test No. Ic-9.) 


Per cent. 
Soluble Portion. 
Lime (CaO)—oxalate titrated with KMnQ,....................... 3.75 
Magnesia (MgO)—weighed as pyrophosphate...................... 6.63 
Oxides of iron and aluminum (Fe,0;+AlhO;)...................... 0.57 
Carbonic anhydride (CO,)—by evolution and absorption in soda lime 3.59 


Insoluble Portion.—The insoluble portion was fused with NazCOs, 
and the following analysis obtained: 


Lime (CaO)—oxalate titrated with KMnQ,........................ 1.76 
Magnesia (MgO)—as 8.81 
Oxides of iron and aluminum (Fe,0;+Al,O;)...................... 0.47 

Color—white, tinted with gray. — 


SAMPLE No. 9.—SILICATE (ASBESTINE). 
(Lab. No. 1129, Test No. Ic-9.) 


Per cent. 
Soluble Portion. 
Lime (CaO)—oxalate titrated with KMnQ,......................-. 0.39 
Magnesia (MgO)—as 5.26 
Oxides of iron and aluminum (Fe:0;+Al,0;)...................... 0.14 


Insoluble Portion.—The insoluble portion was fused with NazCO,, 
and the following analysis obtained: 


Lime (CaO)—oxalate titrated with KMnQ,...................... 5.19 
Magnesia (MgO)—as 23.35 
Oxides of iron and aluminum (Fe,0;+Al,O3)..................0.0. 0.35 


Color—white, with a very light tint of brown. — 
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No. 10.—Cuay (L. G. V. Catna Cray). 
(Lab. No. 1130, Test No. Ic-9.) 


Per cent. 
Magnesia (MgO)—as 0.25 
Color—white, with a brownish tinge. —- 


SamPLE No. 11.—CaLciuM CARBONATE (EXTRA GILDERS WHITING, BOLTED). 
(Lab. No. 1131, Test No. Ic-9.) 


Per cent 
Lime (CaO)—weighed as CaO from the oxalate.................... 54.82 
Oxides of iron and aluminum (Fe,0;+AlhO;).................-.... 0.25 
Carbonic anhydride (CO,)—by evolution and absorption in soda lime 42.98 
Probable Composition. 

Oxides of iron and aluminum (Fe.0;+AlhOs;)...................0.4. 0.25 

Color—white, slightly tinted yellowish brown. -~— 

SAMPLE No. 12.—CALCIUM SULPHATE. 
(Lab. No. 1132, Test No. Ic-9.) ' 
Per cent. 
Lime (CaO)—weighed as CaO from the oxalate.................... 32.84 
Carbonic anhydride (CO2)—by evolution and absorption in sodalime 0.70 
Loss at dull red heat (moisture, combined water, etc.)............. 20.54 
Probable, Composition. 


Color—white, with a gray ‘tint, — 
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SampLE No. 13.—BARIuM SULPHATE (CREAM FLOATED LEAD BLoom— 
WATER-FLOATED BARYTES). 


(Lab. No. 1132, Test No. Ic-9.) 
The material was boiled with HCl (1:5). 


Soluble Portion. 
Oxides of iron and aluminum 1.05 


Insoluble Portion.—98.30 per cent, after fusion with NagCOs;, 
showed no other ingredients present except Barium Sulphate (BaSQ,). 
Color—white. 


It was the original intention of the Bureau of Standards to 
make a very complete analysis of each of the pigments included 
in these tests, and also to state in detail the methods of analysis 
employed. This, however, was found impossible. As the 
methods used were not novel and in most cases the method of 
determination is indicated, a further discussion is not consid- 
ered necessary. 


Following are the results of analyses made at the Bureau of 
Chemistry: 


SampLE No. 1.—Basic LEAD CARBONATE (DutcH PRocEss WHITE LEAD). 
(Contract No. 11520.) 
° Per cent. 


15".5 
Specific gravity at ror C. (pyknometer). 6.46 


Moisture (H,O)—-vacuum desiccator method.... 0.63 
2 hr. in air bath at 105° C...... 0.69 
17 hr. in water-jacketed oven at 
Total lead as PobO—PbSQ, method............ 85.0 
PbCrQ, gravimetric method (Fres- 
PbCrQ, gravimetric method (Mc- 


Ignition and correction for non- 
volatile other than PbO....... 85. 
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SAMPLE No. 1.—Continued. 


Carbonic anhydride (CO,)—evolution with acid 
and weighing as 
Evolution with acid and weighing 


Direct ignition, weighing in soda 


Combined water (H,O)—direct ignition and 
weighing in CaCl, tube corrected for moisture 
Calculated from total loss on igni- 

tion, moisture and CO2........ 2.07 

Acetates as CH;COOH—Thompson’s method. . . 
Insoluble siliceous matter (SiOz, etc.)........... 
Lead oxide (PbO)—insoluble in CH;COOH and 
Lead oxide (PbO)—insoluble in CH;COOH and 
CH;COONH,, but soluble in HNO;.......... 
Sulphuric anhydride 
Sulphurous anhydride 
Bismuth as Bi,O;—32-g. sample taken; weighed 


Iron as Fe,O;—10 to 32-g. sample taken; final 
Lime (CaO)—10 to 32-g. sample taken; final 
Magnesia (MgO)—10 to 32-g. sample taken; 
final weighing as MgO (ammonium carbonate 


Alkalies as Na,O—10-g. sample taken; final 


Per cent. 


11.7 (=71.0% PbCO,). 


2.02 (=27.1% Pb(OH):). 
0.12 

0.03 

0.25 (=0.34% PbSO,). 
0.00 (=0.00% PbSO;). 
0.08 (=0.31% PbSO,). 
0.00 (=0.00% PbSO;). 


0.02 


SAMPLE No. 2.—Basic LEAD CARBONATE (CARTER WHITE LEAD). 


(Contract No. 11521.) 


0.09 


15°.5 Per cent. 
Specific gravity at 15°53 C. (pyknometer), 6.85 
Moisture (H.O)—vacuum desiccator method... . 
2 hr. in air bath at 105° C...... 0.12 
Total lead as PobO—PbSO, method............ 
PbCrQ, gravimetric method (Fres- 
PbCrO, gravimetric method (Mc- 


Ignition and correction for non- 
volatile other than PbO....... 86. | 


| 
+ 
0.01 
0.05 
0.19 
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SAMPLE No. 2.—Continued. 
Per cent. 


Carbonic anhydride (CO,)—evolution with acid 
and weighing as 11.6 (=70.4% PbCO;). 
Evolution with acid and weighing 
11.6 
Direct ignition, weighing in soda 
11.7 
Combined water (H,0)—direct ignition and 
weighing in CaCl, tube corrected for moisture 2.20 (=29.5% Pb(OH); ) 
Calculated from total loss on igni- 
tion, moisture and CO:........ 2.10 
Acetates as CH;COOH—Thompson’s method... 0.15 


Insoluble siliceous matter (SiOz, etc.)........... 0.01 
Lead oxide (PbO)—insoluble in CH;COOH and 

Lead oxide (PbO)—insolubie in CH;COOH and 

CH;COONH,, but soluble in HNO .......... 0.00 (=0.00% PbSO;). 
Sulphuric anhydride 0.08 (=0.31% PbSQ,). 
Sulphurous anhydride 0.02 (=0.09% PbSO;). 
Bismuth as BizgO;—32-g. sample taken; weighed 

Iron as Fe,O;—10 to 32-g. sample taken; final 

0.01 
Lime (CaO)—10 to 32-g. sample taken; final 

0.01 


Magnesia (MgO)—10 to 32-g. sample taken; 
final weighing as MgO (ammonium carbonate 


Alkalies as Na,O—10-g. sample taken; final 
weighing as NazSQy........... 0.05 


SAMPLE No. 3.—Basic LEAD CARBONATE (MiLp Process WHITE LEAD.) 
(Contract No. 11522.) 


° 5 Per cent. 


15 
Specific gravity at F C. (pyknometer), 6.85 


Moisture (H,O)—vacuum desiccator method.... 0.04 
2 hr. in air bath at 105° C...... 0.19 
0.19 

Total lead as PhO—PbSO, method............. 86.1 
PbCrQ, gravimetric method (Fres- 


PbCrQ, gravimetric method (Mc- 
ereeee 86.5 


: 
4 
‘ 
‘ 
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SAMPLE No. 3.—Continued. 


Per cent. 
Ignition and correction for non- 


volatile other than PbO....... 86.2 
Carbonic anhydride (CO.)—evolution with acid 
11.6 (=70.4% PbCO;). 
Evolution with acid and weighing 
Direct ignition, weighing in soda 
11.7 
Combined water (H,0)—direct ignition and 
weighing in CaCl, tube corrected for moisture 2.17 (=29.1% Pb(OH)s) 
Calculated from total loss on ig- 


nition, moisture and CO:..... 2.09 
Acetates as CH;COOH—Thompson’s method... 0.00 
Insoluble siliceous matter (SiOz, etc.)........... 0.06 
Lead oxide (PbO)—insoluble in CH;COOH and 
0.67 (=0.91% PbSO,). 
Lead oxide (PbO)—insoluble in CH;COOH and 
CH;COONH,, but soluble in HNO;.......... 0.11 (=0.14% PbSO;). 
Sulphuric anhydride (SO;)...................- 0.23 (=0.87% PbSO,). 
Sulphurous anhydride 0.06 (=0.27% PbSO;). 
Bismuth as BizO;—32-g. sample taken; final 
Iron as Fe,O;—10 to 32-g. sample taken; final 
Lime (CaO)—10 to 32-g. sample taken; final 
Magnesia (MgO)—10 to 32-g. sample taken; 
final weighing as MgO (ammonium carbonate 
Alkalies as Na,O—10-g. sample taken; final 


SamPLE No. 4.—Zinc OxipE (FLORENCE GREEN SEAL FRENCH PROCESS 
Zinc OXIDE). 
(Contract No. 11523.) 


Per cent. 
15°.5 
Specific gravity at 15°53 C. (pyknometer).. 5.68 
Color—white. 
Moisture (H,0)—vacuum desiccator method.... 0,09 
2 hr. in air bath at 105° C....... 0.08 


Insoluble siliceous matter (SiOg, 0.01 


4 
‘ 
sat 
Dee: 
‘ 
‘ ? 
|. 
° 
| 
| 
| 
j 
| 
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| 
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SAMPLE No. 4.—Continued. 


Per cent. 
Arsenic—calculated as trace 
not detected 
Carbonic anhydride (COs)... 0.08 
Total sulphuric anhydride (SO;)............... 0.19 
Sulphurous anhydride (SOz)................... not detected 
Water-soluble zinc as ZnO...............2000- 0.06 (=0.13% ZnSQ,). 
Excess SO;—calculated to PbSOQ,.............. 0.45 (=0.33% PbO). 
Bismuth, copper, silver, and tin............... not detected 


SAMPLE No. 5.—Z1nc Ox1pDE (XX AMERICAN PROCESS ZINC OXIDE). 
(Contract No. 11524.) 
Per cent. 

Specific gravity at 
Color—yellowish white. 
Moisture (H2O)—vacuum desiccator method.... 0.16 


C. (pyknometer).. 5.60 


2 hr. in air bath at 105° C....... 0.16 

Insoluble siliceous matter (SiOz, etc.)........... 0.02 
Arsenic—calculated as 0.16 
Carbonic anhydride 0.05 
Total sulphuric anhydride (SO;)............... 0.42 


Sulphurous anhydride trace 


| 
‘ . 
j 
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SAMPLE No 5.—Continued. 


Per cent. 
Water-soluble zinc as ZnO..................+. 0.47 (=0.94% ZnSQ,). 
Excess SO;—calculated as PbSQ,.............. 0.00 
Bismuth, copper, silver, and tin............... not detected 


SAMPLE No. 6.~-Basic LEAD SULPHATE (SUBLIMED WHITE LEap). 
(Contract No. 11525.) 


15°.5 Per cent. 

Specific gravity at ror C. (pyknometer).. 6.43 
Moisture (H20)—vacuum desiccator method.... 0.07 

Bismuth—1-g. sample taken.................. trace 
Total sulphuric anhydride (SO3)............... 22.1 
Soluble sulphuric anhydride (SO3)............. 0.12 


Qualitative tests using small portions failed to detect other ingredients. 


Probable Composition (calculated). 


0.3 


SaMPLE No. 7.—LEADED ZINC OXIDE (LEADED OXIDE OF ZINC). 
(Contract No. 11526.) 


15°.5 Per cent. 

Specific gravity at ror C. (pyknometer).. 5.79 
Moisture (H:0)—vacuum desiccator method.... 0.08 

0.12 
Total sulphuric anhydride (SO;)............... 4.0 
Soluble sulphuric anhydride (SO;)............. 0:23 


Qualitative tests using small portions failed to detect other ingredients. 


Probable Composition (calculated). 


| 

} 
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SAMPLE No. 8.—Simiceous 
(Contract No. 11527.) i j 


Percent. - 
° 


15°.5 
Specific gravity at 1s*5 C. (pyknometer).. 2.69 


Moisture (H,0)—vacuum desiccator method.... 0.25 


0.22 

69.9 

Iron oxide and alumina (Fe,03;+Al,0;)—uncor- 
car 0.92 

Manganese—-1 g. of material taken............ trace 

Qualitative tests using small portions (about 1 g.) failed to detect other 
ingredients. 


SAMPLE No. 9.—SILICATE (ASBESTINE) 
(Contract No. 11528.) 


Per cent. 


Specific gravity at a5 C. (pyknometer).. 2.80 
Moisture (H20)—vacuum desiccator method.... 0.71 

2 hr. in air bath at 105° C....... 0.72 

Alumina 0.27 


SAMPLE No. 10.—Ctray (L. G. V. Cuina. Cray). 
(Contract No. 11529.) 


Per cent. 
15°.5 
Specific gravity at is*5 C. (pyknometer).. 2.60 
Moisture (H20)—vacuum desiccator method.... 0.58 
Iron oxide and alumina (Fe,0;+A1,0;)—uncor- 


Titanium phosphorus, and unusual elements... not tested for 
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Sampce No. 11.—Catcrum CARBONATE (ExTrA GILDERS WHITING, BOLTED). 
(Contract No. 11530.) 


Per cent. 

Moisture (H2,0)—vacuum desiccator method.... 0.14 

2 hr. in air bath at 105° C....... 0.15 

0.17 
Carbonic anhydride (CO,)—evolution with acid 

and weighing as BaCQy..................... 43.5 
Evolution with acid and weigh- 
ing im ROS bulb............ 43.5 

Sulphuric anhydride (SO;).................... 0.26 
Total insoluble siliceous matter................ 1.02 
Iron as Fe,O;...... 0.11 


SaMPLE No. 12.—CatLctum SULPHATE. 
(Contract No. 11531.) 


- Per cent. 
Specific gravity at me ; C. (pyknometer).. 2.33 
Moisture (H,O)—vacuum desiccator method.... 0.13 
Total loss in air bath at 105° C. 
Total loss in air bath at 200°- 
220° C. constant weight, about 
CaC; method:—Some combined 
H,0 given off below 100° C. 
(The vacuum desiccator method 
is the only one which gives 
results at all reliable.) 
Total loss by heating to low redness........... 20.4 
Insoluble siliceous 0.40 
Iron oxide and alumina (Fe,0;+Al,0;)......... 0.00 
Sulphuric anhydride 45.6 


Carbonic anhydride (CO2).................... 0.67 


| 
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SAMPLE No. 13.—BariuM SULPHATE (CREAM FLOATED LEAD BLOom— 
WATER-FLOATED BARYTES). 
(Contract No. 11532.) 


Per cent. 
° 

Specific gravity at oe C. (pyknometer).. 4.47 
Moisture (H,O)—vacuum desiccator method.... 0.05 

2 hr. in air bath at 105° C...... 0.06 

0.07 
0.27 
Total sulphuric anhydride (SO;).............. 34.3 
Alumina (Al,0O;, etc.) —uncorrected............ 1.00 
0.04 
0.13 


The Bureau of Chemistry intended to make exhaustive 
analyses of all the samples, but it was found that the necessary 
time could not be given for this work on all of them. The analy- 
ses of the three samples of white lead, however, are complete, 
and the samples were used to test the accuracy of some of the 
methods of determination. It is clear from the figures found 
that moisture determinations in such materials are exceedingly 
difficult, and the calculations of the amounts of lead carbonate 
and lead hydrate are therefore subject to very great errors. 
When we consider that moisture determinations by methods 
which are generally considered standard may vary by nearly 
0.2 per cent, which would correspond to over 2.6 per cent of 
lead hydrate, and that the CO, determinations frequently vary 
as much as 0.2 per cent, even with the most skillful analyst, 
it would appear that any attempt to calculate accurately the 
amount of carbonate and hydrate in a sample of white lead is 
nearly impossible for routine work. 

The specific gravity determinations were all made with a 
pyknometer, which method is, in the opinion of the sub-com- 
mittee, unsatisfactory for determining the specific gravity of 
pigments. A method similar to that used with cements should 
be employed, but this would have necessitated the use of larger 
quantities of the pigment than would have been justified from 
the quantity of the samples submitted. 


{ 
| 
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On THE TESTING OF WHITE PAINTs. 


ANALYSES OF OILS, TURPENTINE AND DRIER. 


A chemical analysis of the oil used in grinding the paints, 
made at the Bureau of Standards, follows: 


Raw LInsgeEp 
(Lab. No. 1404, Test No. Ic-9.) 


15°.5 
Ash, siliceous, per cent......... 0.12 


A chemical analysis of the oil used in thinning the paints 
for the first coats, made at the Bureau of Chemistry, follows: 


Raw LINSEED OI. 
(Contract No. 15553.) 


° 
Iodine number (Hanus) of insoluble fatty acids............... 196.6 


A chemical analysis of the turpentine used in thinning the 
first coats, made in the Bureau of Chemistry, follows: 


TURPENTINE. 


(L. & P. No. 24552; Contract No. 15552.) 
Color:—more than 200 mm. required to equal in color Lovibond 

yellow glass No. 1. 
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TURPENTINE.—Continued. 


Distillation at 760 mm. pressure: 


Boil-down test (100° C.), per cent.......... 0.5 


A sample of the drier used in making the paints was analyzed 
at the Bureau of Chemistry and gave the following results: 


DRIER FOR WHITE PIGMENT TESTS. 
(From Dr. Allen Rogers, Am. Soc. Test. Mats.; Contract No. 15578.) 


Specific gravity at 0.985 

Total lead (Pb), per cent................. 2.31 

Total manganese (Mn), per cent.......... 1.09 

very small amount 
4.54 
faintly alkaline 
28.0 


When mixed with 8 parts raw linseed oil, the material shows a turbidity 
and a deposit on standing. 
The mixture dries free from tackiness in 2 hrs. 
The mixture dries hard in more than 8 and less than 24 hrs. 
Nature of film after 24 hrs.: hard, clear and elastic. 


DESCRIPTION OF TESTS. 


The paints were prepared by Prof. Allen Rogers of 
Pratt Institute, Brooklyn, according to the plan outlined in the 
last report.'' In order to obtain a standard consistency for the 
paints used in the test, Professor Rogers, The Patton Paint Co., 
and the Sherwin-Williams Co., prepared independently a paint 
which they considered of the proper consistency. Professor 


1 Proceedings, Am. Soc. Test. Mats., Vol. XI, p. 225 (1911). 
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TABLE I.—CoMPOSITION OF SINGLE-PIGMENT PAINTS 


Paint No. 


No. 1—Basic Lead Car- 
bonate, Ib. 


bonate, lb. 


No. 2—Basic Lead Car- 


3s | 3 2/4 
8 S | @¢ | 36! Bead) 


ee 


| 
| 101 | 41.25]...... 
102 |......| 41.25 | 96 oe 
II.—Composition oF Two-PicMENnt Pants 
215 | 96 
219 | 24.50)... 96 
235 | 152 | 


BLE I.—COMPOSITION OF SINGLE-PIGMENT PAINTS. 


No. 9—Silicate, Ib. 


No. 11—Calcium Car- 
bonate, Ib. 


No. 12—Calcium Sul- 
phate, lb. 


13—Barium Sul- 
phate, Ib. 


No. 


Ground in — Oz. of Oil. 


Thinned with — Oz. of 
Oil. 


Total Bulk of Paint, 
“oz. 


eee eee 


ee 


eee 


eee 


eee 


ee 


ee 


ii 

| | 

q 

240 384 720 
II.—Composition oF Two-PiGMENT PAINTS, 

5-25] 96 | 136] 328 
96} 128] 320 
100] 144] 340 
112 | 168] 376 
128 | 244 | 468 
128] 232 | 456 
96 | 168 | 360 
160 | 240-1: 496 
192 | 282 | 570 
13.00] 144] 224 | 464 
7.00)......| 96 | 130| 322 
13.00} 96] 128] 320 
136 | 260] 492 


PLATE IX. 
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VoL. Xill. 
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os | & 

368 94} 34 | 14.6 | 20.3 | 4.75 
352 93 | 35 15.0 | 20.6 | 4.65 
456 101 | 27 10.8 | 16.9 | 5.05 
808 | 112] 16 5.6 | 12.4 | 5.60 
720 | 111 | 17 7.2 1 13.9 | 5.50 
472 | 102} 26 | 10.6 | 16.8 } 5.10 
492} 103} 25 9.0 | 15.2 | 5.15 
| 100; 28 | 11.5 | 17.5 | 5.00 
400 97; 31 13.1 | 18.9 | 4.85 
374 95} 33 | 12.4] 18.1 | 4.75 
500 | 103 | 25 9.4) 15.6 | 5.15 
384 96 | 32 | 12.1 18.0 | 4.80 
360 93 | 35 | 13.2 | 18.8 | 4.65 
366 94} 34 | 12.6 | 18.3 | 4.70 
328 90; 38 | 15.0 | 20.4 | 4.50 
560 | 106; 22 8.4 | 14.8 | 5.30 
356 93 | 35 | 14.7 | 20.3 | 4.65 
320 89 | 39 | 11.6 | 18.4 | 4.45 
340 92 | 36 | 10.9 | 16.9 | 4.60 
376 95 | 33 9.9 | 15.6 | 4.75 
320 89 |} 39 | 11.6 | 18.4 | 4.45 
288 85 | 43 | 11.4 | 16.5 | 4.25 
268 82 | 46 | 16.1 | 21.0 4.10 
468 | 102} 26 9.8 | 16.0] 5.1 
456} 101 | 27 | 10.7 | 16.8 | 5.05 
360 93 | 35 | 14.7 | 20.3 | 4.65 
560 | 106; 22 8.4 | 14.8 | 5.30 
496 | 25 5.7 | 11.9 | 5.15 
528 | 104); 24 6.3 | 12.6 | 5.20 
570 | 106 | 22 5.8 | 12.2 | 5.30 
482 | 102| 26 6.8 | 13.0 | 5.10 
466 | 101 | 27 5.9 | 12.0 | 5.05 
464 | 101 | 27 8.4 | 14.5 | 5.05 
354 93 | 35 10.2 | 15.8 | 4.65 
432 99 | 29 8.6 | 14.6 | 4.95 
456 | 101 | 27 7.8 | 13.9 | 5.05 
328 90 | 38 | 11.1 | 16.5 | 4.50 
322 90 | 38 | 10.6 | 16.0 | 4.50 
320 89 | 39 | 13.4 | 18.7 | 4.45 
492} 103 | 25 9.6 | 15.8 | 5.15 
468 | 102 | 26 9.9 |} 16.1 | 5.10 


— 
a. a 
101 
102 4 
103 
104 
105 
106 

107 

| 201 
202 
203 
204 
205 
206 | 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 a 
221 
222 
223 
224 
226 
227 
228 
229 
a 
232 4 
233 
234 
235 


TABLE III.—CoMPposITION OF THREE-PIGMEN 


No. 1—Basic Lead Car- 
bonate, Ib. 
. 13—Barium Sul- 


No. 2—Basic Lead Car- 


No. 5—Zinc Oxide, |b. 


No. 8—Siliceous Mate- 
No. 11—Calcium Car- 


No. 4—Zinc Oxide, lb. 
No. 6—Basic Lead Sul- 
‘No. 7—Leaded Zinc 
No. 10—Clay, Ib. 


No. 9—Silicate, lb. 


wee 
‘ 
: 
| 

$22 | 8-50) | 

; aa i 


PLATE X. 
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—COoMPOSITION OF THREE-PIGMENT PAINTS. 


No, 12—Calcium Sul- 


. 13—Barium Sul- 


bonate, Ib. 
Gal. 


gal. 


Thinned with — Oz. of 


No. 11—Calcium Car- 


No. 9—Silicate, Ib. 
No. 10—Clay, lb. 
Ground in — Oz. of Oil. 
Total Bulk of Paint, 
Volume of Oil, oz. per 
Volume of Pigment, oz. 
per gal. 

Weight of Pigment 

Weight ot Paint per 


Drier, oz. per gal. 


472 | 102 | 


456 | 


| 
| 
| 
| 


A 
| 
| 
| | 28 302 
| 136 | 208 | 410 31 | 12 95 303 
128 180 404 99 29 9 5.05 304 
128 | 196 | 420 101} 27 | 8 5.05} 304 
204 | 444 6 | 8 
146 102 | 2 
5 FO) 128 248 4 4 80 306 
128 | 388 97! 31 | 10 4.95| 308 
99| 29 | 11 4.85} 309 
8. 128 | 208 | 432 | 97| 31 | 10 4.95| 310 
oa 138 | 99 | 29 
128 200 424 4.80 311 
4 00) | 302 931 35 4.70| 314 
128 | 130 354 4} 34 12 5.10 315 
128 | 144] 368/| 9 2% | 10 ‘ 
| 101, 27 | 8 5.25| 317 
144 216 105 23 7 5.05 318 
176 | 264 | 536 101 | 27 8 | 4.70} 319 
160 186 | 442 97 31 12 | 4.65 | 323 
144 164 404 93 35 9 5.05 324 
136 | 226 | 458 4.95| 326 
2: 99| 29 | 7 | 4.85| 327 
128 200 424 97 31 8 4.80 328 
144 | 194 | 434 is 
144 | 240 | 480 | 102 | 5.10| 331 
ches dese 6 8 332 
gs $0) 128 | 234; 458 100 | 28 5.00| 334 
— 128| 216| 440| 100| 28 4 5.05| 335 
—s Ss .75| 128 101 | 27 
128 276 500 24 8 338 
144 | 288 | 528 02/1 26 8 5.10 339 
4.25)....... 258 | 482! 1 6 8 340 


No. 11—Calcium Car- 
No. 12—Calcium Sul- 
13—Barium Sul- 


No. $—Zinc Oxide, lb. 


bonate, Ib. 
phate, Ib. 
No. 8—Siliceous Mate- 


No. 2—Basic Lead Car- 
No. 4—Zinc Oxide, Ib. 
No. 6—Basic Lead Sul- 
No. 7—Leaded Zinc 
No. 10—Clay, Ib. 


No. 9—Silicate, Ib. 


TaBLE [V.—ComposiTION OF Four-P1 


Pal 
- | 
ig 
| 5 | 
| 
| 
347 | cee] 13.001......| ss 
4 
> GME) 
402 | 850) cali 


OSITION OF THREE-PIGMENT PAINTS (Continued). 


PLaTE XI. 


Proc. Am. Soc, TeeT. Mats. 


Xill. 
ReEPorT OF SuB-ComMITTEE J 
oF CommiTTEe D-1. 


| 
| 
| 


No. 12—Calcium Sul- 
. 13—Barium Sul- 


Ground in — Oz. of Oil. 
Thinned with — Oz. of 


No. 9—Silicate, Ib. 
No. 10—Clay, Ib. 


Total Bulk of Paint, 


Volume of Oil, oz. per 
gal. 


Volume of Pigment, oz. 


per gal. 


Ib. 


t of Paint per 


Gal., Ib. 
Gal. 


Weight of Pigment per 
Drier, oz. per gal. 


Ww 


No. 11—Calcium Car- 


| 
| | | | 
| | | 
g 
S| 4 5 | gs | 
| | 
144 | 256] 496 | 103 | 25 | 7 15| 341 
128 | 320) 544) 105 | 23 | 7 25| 342 
128 | 296 | 520] 104} 24 | 7 20| 343 
128 | 296 | 520] 104| 24 | 7 20} 344 
3.50]......| 128 | 292] 516 | 104] 24 | 7 20| 345 
| 
6.50} 128] 336| 107} 21 | 7 35 | 346 
96 | 320) 89] 39 | 13 45| 347 
96 | 240] 432} 99| 29 | 9 95| 348 
96 | 208} 97] 31 | 10 85| 349 
96] 200] 97/ 31 | 10 85| 350 
| 
96] 144] 336 | 92) 36 | 11 351 
8.75] 96] 146] 338 | 92) 36 | 13 60| 352 
96] 146] 92] 36 | 12 60| 353 
96 | 178 | 94| 34 | 12 70| 354 
88] 193} 95) 33 | 11 75| 355 
| | 
88} 155 | 339] 92) 36 | 12 60| 356 
3.50]......| 80] 153] 329] 92] 36 |12 70 | 357 
6.50} 96| 178; 370| 34 |13 70| 358 
| 94 12 70| 359 
96 | 222] 414] 98! 30 | 10 90| 360 
96 | 226| 418 | 98 | 30 | 10 90| 361 
96] 384) 33 11 75| 362 
96] 161 | 353} 93] 35 12 65| 363 
6.50, 96] 352} 35 | 13 65| 364 
96] 168 | 360| 94] 34 | 1 70| 365 
100] 216 412| 98! 30 190| 366 
100] 160} 356) 93) 35 |1 | 367 
96] 152] 344] 92] 36 | 1 .60| 368 
7.00)......] 96] 138 | 91) 37 | 1 .55| 369 
13.00; 128| 310| 92 | 36/1 | .60| 370 
OMPOSITION OF FouR-PIGMENT PAINTS. 
108] 188 | 392] 99} 29 | 9.7 115.7 | 4.95] .401 
128 | 244 | 468 | 26 | 8.8|15.0| 5.10) 402 
fe... 128 | 232 | 456 | 102) 26 | 5.10} 403 
128] 192 | 416] 29 | 9.71 15.7] 4.95| 404 
3.50)......| 128 | 192 | 416| 89] 29 | 9.6|15.6| 4.95) 405 
6.50, 128 | 206 | 432| 100] 28 |10.2|16.3| 5.00| 406 
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Rogers found that these three paints had about the same 
consistency as measured by the Stormer viscosimeter. He 
then found that 95-per-cent glycerin at 20° C. had practically 
the same consistency as the three standard paints. The Stormer 
viscosimeter was then adjusted so that it required two minutes 
for a complete rotation of the pointer in 95-per-cent glycerin 
at 20° C. The paints used were then made up by adding 
oil in fractions and making viscosity determinations after 
each addition, until the viscosity was 10 points greater than the 
standard; that is, until the dial went to 90 instead of 100 in 
two minutes. Tables I to IV (Plates IX, X and XI) give the 
final composition of the paints. Samples of these paints were 


Fic. 1.—Single-Pigment Paints. 


preserved in glass bottles and photographs taken at the end of 
about six months. Paints Nos. 212, 213 and 218 stuck to the 
sides of the bottles, but the others show the relative settling of 
the different paints very well. Figs. 1, 2 and 3 are reproductions 
of the photographs. 

The paints were applied on both sides of the yellow poplar 
test boards 8 by 1 by 36 in., properly numbered by branding 
before painting. For the first coat, the paint as received from 
the Pratt Institute was thinned with a mixture of seven parts 
linseed oil and one part turpentine. This thinner was added to 
one quart of each paint on the basis of 14 pints of thinner to 
one gallon of paint. The first coat was spread as evenly as 
possible and ran about 650 sq. ft. to the gallon. On the first 
and second coats both sides of each board and all the edges were 
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Fic. 2. 


{ Nos. 201-235, Two-Pigment Paints. 
\ Nos. 301-321, Three-Pigment Paints. 
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Fie. 3. 


Nos. 321-370, Three-Pigment Paints. 
Nos. 401-406, Four-Pigment Paints. 
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painted. Before the third coat was applied the test boards were 
made into panels, three boards to a panel, by nailing strips 
¢ by 1 by 24 in. on the ends of the boards. These panels, two 
panels of each number, were then painted on both sides and the 
exposed edges. The panels were crated and shipped by freight 


Detail Section 

B-B 

QQ] Showing Method 
of Fastening 

} Quarter Round. 


te Yop of Fost 
| 1 
2 Brass Screws’ 
| B Spaced apart | oe 
>. | F 

i 2x4 Set into Fost /” ~ 
then Nailed B = 
| Plan Section A-A.. 
ath 


| Frame above Ground Painted with 
| three Coats of Fed Oxide of Iron in pure 
i Linseed Oil. 


Fic. 4.—Showing Construction of Frame and Mounting of Test Pieces. 


from Baltimore to Washington and hauled by wagon from 
Washington to the site of the exposure frame on the Experiment 
Farm of the United States Department of Agriculture at Arling- 

The method of paneling and crating adopted 
was a very efficient means of protecting the test pieces from 
injury in transit, and they were all received in good condition. 


ton, Virginia. 
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The frame for exposing the test pieces is located on the 
Arlington Farm, on a plot of ground south of the Miscellaneous 
Garden and east of the track of the Washington Southern Rail- 
road. The railroad is above the level of the site of the frame. 
To the east of the frame is a marsh which is sometimes over- 
flowed, but the frame is on ground sufficiently high to be safe 
from overflow. The frame runs north and south, consists of 
26 panels, and is constructed as follows: Posts of red cedar 10 
ft. 103 in. long and 6 in. in diameter, are planted 2} ft. deep in 


Fic. 5.—Completed Test Fence. - 


1: 2:3 concrete, and spaced 10 ft. 6 in. in the clear between posts. 
The posts are connected by three lines of 2 by 4-in. dressed 
Georgia pine stringers, the top stringers spiked to the tops of 
the posts, the middle and bottom stringers notched in and spiked 
with a clearance of 363 in. The test pieces are attached to the 
frame by 1-in. quarter-round molding fastened by 2-in. brass 
screws. Fig. 4 shows the construction of the frame and 
method of mounting the test pieces. The frame and strips 
of molding were painted with three coats of red oxide of iron 
in linseed oil. 
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The crates containing the test pieces were opened on the 
ground near the frame, the end strips carefully removed, and the 
test pieces placed in the frame in the manner indicated above, 
so that duplicates are in vertical columns. The three boards 
constituting one test were placed next to one another in the 
frame, but narrow strips of white pine were used to separate 
the different tests. These strips are unpainted. Paint No. 101 
is exposed on the north end of the frame and the succeeding 
paints extend south. 


Fic. 6.—Completed Test Fence. 


The painting was finished about July 15, 1912, and the 
boards were placed in position on the frame during the week 
ending August 31, 1912. 

Figs. 5 and 6 are reproduced from photographs of the com- 
pleted fence taken early in November, 1912. 

Further tests of the pigments used, the results of which 
were received subsequent to the preparation of the above, are 
given below. 


= 
kel 
{ 


431 


*(peeT 

ayeyding prey 
‘ON 


*(@PIxO 
uvolioury XX) 
ourz—"¢ “ON 


Table V. 


given in 


ON THE TESTING OF WHITE PAINTs. 


CLASSIFICATION TESTS OF PIGMENTS USED. 
The thirteen pigments used in this test have been classified 
by the Thompson classifier! in the laboratory of the National 
TABLE V.—CLASSIFICATION OF FINE PARTICLEs. 


Lead Co., and the results are 
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100.0 | 100.0 


TABLE V.—CLASSIFICATION OF FINE PARTICLES (Continued). 


All values are percentages. 


Coarse Portion....... 

Cone No. 2... 
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100.0 | 100.0 | 100.0 100.0 | 100.0 | 100. 


All values are percentages. 


1 For a description of this classifier, see ‘‘ The Classification of Fine Particles According to 


Size,” by G. W. Thompson, Proceedings, Am. Soc. Test. Mats., Vol. X, p. 601 (1910). 


Total... 


Coarse Portion. 


| 
| | 
| 
trace | trace | trace | none 
681 $3 1.8} 0.9 
0.6| 2.5 6.5| 0.9| 0.7 a 
5.6| 2.7 23 2.1 
8.2| 4.3 3.11 - 32 
79.5 | 85.4 76.4 | 93.6} 93.1 
100.0 | 100.0 | 100.0 
| 
| | 
| | | 
stone, § «1.8 | trace | 8.7 | trace 
ConeNo.1.... 0.2| 16.8) 17.8) 0.9) 25 16.4) 13.2 — 
Cone No. 2.... 0.5 | 13.1 | 67; 8.3: £9 5.7} 14.2 
¢ Cone No. 3....; 1.3 | 7.6 9.5 5.4 7.0 | 13.0 
Cone No.4..... 3.7 | 12.0) 10.6) 10.7) 7.7, 14.0| 10.8 
Portion No.5... 94.3) 48.7 | 50.6| 73.4 | 82.2) 48.2| 48.8 
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“Coarse portion,” as here termed, is the material which 
will not pass through a No. 21 silk bolting cloth screen. ‘“‘Por- 
tion No. 5” is obtained by difference. In each case the flow of 
kerosene was varied according to the specific gravity of the 
pigment. The amount used was likewise varied. 

Microphotographs of the original pigments and the various 
classified portions were made in the Microchemical Laboratory 
of the Bureau of Chemistry and appear as Figs. 7 to 92 (pages 
434-447). They were all made by transmitted light with a 
magnification of 200 diameters. 

The following comments are made by the Microchemical 
Laboratory: 

“Most of the pictures were taken from mounts of the powder 
with linseed oil. A few, however, were mounted in Canada 
balsam; and from the results obtained, better results might 
have been obtained had Canada balsam been used on all the 
samples. This would have been of particular advantage with 
pigments Nos. 1 to 7, inclusive, for it appears that there is less 
tendency to flocculate in Canada balsam than in linseed oil. 

“Another point to which attention should be called is that 
in many of the samples of pigments Nos. 1 to 7, there were fairly 
large particles mixed with much fine material, and an examina- 
tion of the larger particles indicates that they were usually 
aggregates of the small ones. Therefore, in making the mounts 
many of these large particles broke up into finer portions and the 
pictures may not show the state of aggregation of the particles 
as they originally came from the separating cones. This is of 
vital importance in making a series of pictures such as the present 
one, where it is the purpose to obtain representation of the size 
of the particles, and it is believed that about the only way to get 
satisfactory pictures is to mount and photograph the substance 
directly as it comes from the cones, as the subsequent washing 
and drying is likely to produce aggregation, making later exami- 
nation uncertain. In making this series of pictures we have 
sought to make as accurate representations as possible, but we 
feel that they may not represent truthfully the size of the par- 
ticles or aggregates as they came originally from the cones. 

“In many samples it seems that the pieces are aggregates 
rather than individual particles. In the first place, an exami- 
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nation at about 200 magnifications shows the particles irregular, 
with rough edges, as if finer portions were sticking to them. 
This is shown well in Fig. 89. Also, in this, as in the others, 
there is abundance of small fine particles throughout the field. 
It seems difficult to explain why these were not carried into 
the cones with small particles if they had been free at the time, 
for they are no larger than those that are carried over. 

“Attention is called to the fact that as soon as the cover 
glass on a mount is moved laterally the larger aggregates begin 
disintegrating, leaving a trail of small particles behind. (See 
Fig. 90.) 

“Fig. 91 shows a larger aggregate that has broken up into 
a number of intermediate-size aggregates as well as many fine 
particles. 

“Tf the pressing and moving of the cover glass is continued 
the large particles continue to disintegrate until the appearance 
is obtained, as shown in Fig. 92, which is an average view on 
the slide. All of this set (Figs. 89, 90, 91 and 92) showing these 
points were made from the same slide at different stages of 
disintegration. Again, the shape of the particles as they dis- 
integrate indicates that they are disintegration particles rather 
than portions broken off from a solid or porous body. 

“On the most of the other samples, especially the silica, 
asbestine and calcium sulphate, the particles seem to have been 


quite evenly graded, and hence give much more satisfactory 
photographs.” 


Respectfully submitted on behalf of the sub-committee, 


Percy H. WALKER, 
Chairman 
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Fic. 7.—Original. 
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Fic. 11.—Cone No. 4. 


Fic. 8.—Cone No. 


Fic. 12.—Portion No. 5. 


SamPLE No. 1.—Basic LEAD CARBONATE (DuTCcH PRocEss WHITE LEAD) X 200. 
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| 
Fic. 10.—Cone No. 3. 
: Fic. 9.—Cone No. 2. | 
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Fic. 13.—Original. Fic. 14.—Cone No. 1. 


Fic. 17.—Cone No. 4. Fic. 18.—Portion No. 5. 


SAMPLE No. 2.—Basic LEAD CARBONATE (CARTER WHITE LEAD) X 200. 
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| 
Fic. 15.—Cone No. 2. Fic. 16.—Cone No. 3. eee 
| 
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Fic. 23.—Cone No. 4. Fic. 24.—Portion No. 5. 


SAMPLE No. 3.—Basic LEAD CARBONATE (MILD Process WHITE LEAD) X 200. 
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Fic. 19.—Original. Fic. 20.—Cone No. 1. ' 
Fic. 21.—Cone No. 2. Fic. 22.—Cone No. 3. 
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Fic. 29 


| 
No. 4.—Zinc OxipE: (FLORENCE GREEN SEAL, FRENCH PROcEss Zinc OXIDE) X 200. | 
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34.—Cone No. 3. 
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Fic. 35.—Cone No. 


SampLe No. 5.—Zinc Oxipe (XX AMERICAN Process Zinc OxIpDE) X 200, 
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Fic. 37.—Original. Fic. 38.—Cone No. 1. 


Fic. 39.—Cone No. 2. Fic. 40.—Cone No. 3. 


Fic. 42.—Portion No. 5. 


SampLe No. 6.—Basic LEAD SULPHATE (SUBLIMED WHITE LEAD) X 200. 
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Fic. 47.—Cone No. 4. 
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Fic. 46. 


= 


3 


$. 
SAMPLE No. 7.—LEADED Zinc OxipE (LEADED OXIDE oF ZiNC) X 200. 
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Fic. 49.—Original. Fic. 50.—Coarse Portion. 
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Fic. 53.—Cone No. 3. 


Fic. 51.—Cone No. 1. 


your 


SAMPLE No. 8.—SILicrous MATERIAL (SILIcA) X 200. 


Fic. 52.—Cone No. 2 


ER 4 
Fic. 55.—Portion No. 5. 
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Fic. 60 


Fic. 58.—Cone No. 1. 


»—Cone No. 3. 


SAMPLE 


Fic. 57.—Coarse Portion. 


Fic. 61.—Cone No. 4. 


No. 9.—SILICATE (ASBESTINE) X 200. 
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Fic. 59.—Cone No. 2. 
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Fic. 64.—Cone No. 1. 
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FiG. 67.—Cone No. 4. Fic. 68.—Portion No. 5. 
SamMPLE No. 10.—Cray (L. G. V. Curna Cray) X 200. 
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Fic. 63.—Original. 
Fic. 65.—Cone No. 2. Fic. 66.—Cone No. 3. Py ae 
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Fic. 70.—Coarse Portion. 


Fic. 71.—Cone No. 1. 


Fic. 73.—Cone No. 3. Fic. 74.—Cone No. 4. Fic. 75.—Portion No. 5. 


SAMPLE No. 11.—CALcium CARBONATE (ExTrA GILDERS WHITING, BOLTED) X 200. 


Fic. 69.—Original. eC \ 
PCs Fic. 72.—Cone No. 2. 
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Fic. 
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Fic. 82 


Fic. 81.—Cone No. 4. 


Fic. 80.—Cone No. 3. 


SAMPLE No. 12.—CALciuM SULPHATE X 200, 
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Fic. 85.—Cone No. 2. 


Fic. 87.—Cone No. 4. Fic. 88.—Portion No. 5. 


SAMPLE No, 13.—Barium SULPHATE (CREAM FLOATED LEAD BLOooM, WATER-FLOATED 
BaryYTEs) X 200, 


Fic. 83.—Original. Fic. 84.—Cone No. 1. ‘ 
Fic. 86.—Cone No. 3. 
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Fic. 90.—Same slide as shown in Fig. 89 but 


taken after cover glass had been moved, 
causing the aggregate to start breaking 


into component fine particles. 


mounted on slide with 


as little breaking of particles as possible. 


Cone No. 2; X 200. 


Fic. 89.—Sample No. 1 


xX 200. 


Same slide as shown in Fig. 89 but 


taken after disintegration was complete. 


Fic. 92.— 
X 200. 


Fic. 91.—Same slide as shown in Fig. 89 but 


in which a larger piece is shown breaking up. 


x 200. 
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REPORT OF COMMITTEE D-4 
ON 
STANDARD TESTS FOR ROAD MATERIALS. 


Committee D-4 recommends for adoption the following 
definitions of terms, with the understanding that they are 
intended to apply to materials of interest in road and paving 
work. 

Asphalts——Solid or semi-solid native bitumens, solid or 
semi-solid bitumens obtained by refining petroleum, or solid 
or semi-solid bitumens which are combinations of the bitumens 
mentioned with petroleums or derivatives thereof, which melt 
upon the application of heat and which consist of a mixture 
of hydrocarbons and their derivatives of complex structure, 
largely cyclic and bridge compounds. 

Asphaltenes.—The components of the bitumen in petro- 
leums, petroleum products, malthas, asphalt cements and solid 
native bitumens, which are soluble in carbon disulphide but 
insoluble in paraffin naphthas. 

Blown Petroleams.—Semi-solid or solid products produced 
primarily by the action of air upon originally fluid native bitu- 
mens which are heated during the blowing process. 

Carbenes.—The components of the bitumen in petroleums, 
petroleum products, malthas, asphalt cements and solid native 
bitumens, which are soluble in carbon disulphide but insoluble 
in carbon tetrachloride. 

Cut-back Products—Petroleum or tar residuums which have 
been fluxed with distillates. 

Tars.—Bitumens which yield pitches upon fractional dis- 
tillation and which are produced as distillates by the destructive 
distillation of bitumens, pyrobitumens or organic materials. 

Coal Tar.—The mixture of hydrocarbon distillates, mostly 
unsaturated ring compounds, produced in the destructive dis- 
tillation of coal. 

Coke-oven Tar—Coal tar produced in by-product coke 
ovens in the manufacture of coke from bituminous coal. 
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Dehydrated Tars.—Tars from which all water has been 
removed. 

Gas-house Coal Tar.—Coal tar produced in gas-house retorts 
in the manufacture of illuminating gas from bituminous coal. 

Oil-gas Tars.—Tars produced by cracking oil vapors at 
high temperatures in the manufacture of oil gas. 

Pitches.—Solid residues produced in the evaporation or 
distillation of bitumens, the term being usually applied to 
residues obtained from tars. 

_ Refined Tar.—Tar freed from water by evaporation or 
distillation which is continued until the residue is of desired 
consistency; or a product produced by fluxing tar residuum 
with tar distillate. 

Water-gas Tars.—Tars produced by cracking oil vapors at 
high temperatures in the manufacture of carburetted water-gas. 


Respectfully submitted on behalf of the committee, 


L. W. PacE, 


Chairman. 
Prevost HUBBARD, 


Secretary. 


{[Note.—According to the regulations governing the adoption 
of proposed standard definitions, the definitions proposed in 
this report are printed in the Proceedings, subject to action at 
the next annual meeting.—Eb.] 
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MINORITY REPORT. 


The undersigned members of Committee D-4, not being in 
sympathy with the report submitted to the Society by the 
majority of the committee in continuation of its attempts to 
define certain terms used in connection with highway construc- 
tion, beg leave to submit the following minority report. 

A majority of the committee reported at the last annual 
meeting of the Society, five definitions which were received 
and adopted by letter ballot on August 5, 1912. At the 
same meeting one of us presented a minority report in regard 
to these definitions which will be found on page 75 of the 
Proceedings for 1912, wherein it was stated that the defini- 
tions were, in his opinion, unsatisfactory both in matter and 
form, and in one instance at least, contrary to the etymological 
significance of the word defined, namely, that of bitumen, which 
was so worded as to include coal and other tars as bitumen. 
This definition plainly appealed to the majority of the members 
of the committee, and was approved by a large majority of the 
very small number of members of the Society voting upon its 
adoption by letter ballot, 78 yeas as compared with 6 nays, 
without having the minority report before them. The definitions 
having been submitted to the Society for ballot in that way, 
the author of the minority report brought the matter to the 
attention of the Executive Committee of the Society, and to 
one or two other members, with the result that the method 
of conducting the ballot was brought up at asubsequent meet- 
ing of the Executive Committee, and action was taken as shown 
by the following excerpt from the minutes: 

“The Secretary was instructed to notify Mr. L. W. Page, the Chairman 
of Committee D-4 on Standard Tests for Road Materials, and also Mr. 
Clifford Richardson, a member of that committee, that it was the desire of 
the Executive Committee to have the Standard Definitions in question pre- 
sented at the next annual meeting of the Society for further consideration. 
It was also agreed that at that time a recommendation should be offered on 
behalf of the Executive Committee that no action shall be taken relative to 
the adoption of proposed Standard Definitions until the meeting following 
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the publication of such proposed definitions in the Proceedings of the 
Society.” 

It was stated, however, that this action was taken without 
regard to the technical merits of the definitions objected to in 
the minority report, but rather with a view of reaching a solution 
that would be at once fair in its bearing on the present question 
and duly conservative in relation to such matters in the future. 

In connection with this ballot, one of the leading engineer- 
ing journals of this country, the Engineering Record, in an 
editorial on August 3, 1912, referring to attempts at standardi- 
zation in the United States, stated: 


“Without wishing to detract in any way from the value of this work, 
there have been occasional recent evidences that the thoroughness of the 
Germans is not being duplicated here in connection with all of the commit- 
tee work, and particularly in its scrutiny by the men to whom it is submitted 
for approval. There is a tendency to accept blindly anything recommended 
by a committee, which is dangerous. It takes courage for an engineer to 
make a minority report, and he is inclined to stretch his professional con- 
science and affix his signature to a majority report which he considers defec- 
tive to a greater or less degree. Yet in these minority reports lies the sole 
safeguard against too hasty action, and, in matters of standardization, minor- 
ity reports of committees ought to be encouraged, distributed with those of 
the majority and given the most careful consideration.” 


In a further attempt to determine how general the accepta- 
tion of such a definition of bitumen would be in other countries, 
the author of the minority report submitted it, together with the 
definitions adopted by the Society, to M. Paul le Gavrian, Asso- 
ciate Secretary, International Association of Permanent Road 
Congresses, in Paris, asking for his opinion in the matter. In 
reply he stated: 

“T am of your opinion as regards the abuse of the word ‘ bitumen’. It 
should be used only to denote natural products and not the tars and their 


derivatives. I go even farther than you and wish that the term ‘bitumen’ 
might be reserved solely for materials containing natural bitumen.” 


In a “Note of the Executive Committee on an Experiment 
in the Terminology to be adopted for Binding Materials with a 
Hydrocarbon Base which are employed in Roads,” appearing in 
No. 3, March, 1913, of the Bulletin of the Permanent Inter- 
national Association of Road Congresses, is proposed for adop- 
tion, at least provisionally, the following definition of bitumen: 
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“Bitumen: The term bitumen should apply exclusively 
to natural opaque blackish or dark brown hydrocarbons 
which are generally solid or slightly fluid and which contain 
a small quantity of volatile products, found in pockets or 
impregnated in the rock. Pure bitumen dissolves com- 
pletely in bisulphide of carbon.” 


At the same time the committee called attention to the 
fact that such a well-known authority on bitumen as Dr. George 
Lunge, Professor at the Polytechnic School of Zurich, stated as 
reporter of a committee of one of the Congresses of the Inter- 
national Society for Testing Materials some years ago, that 
the replies which he had received were too few in number to 
allow any conclusion to be deduced therefrom as to definitions 
of bituminous materials. 

It appears, therefore, that some of the definitions proposed 
by Committee D-4 and adopted by ballot of the Society, would 
not be accepted by French experts, and that such a distinguished 
person as Doctor Lunge hesitates to undertake an acceptable 
definition of bitumen. In England the same differences of 
opinion are in existence as in other countries as may be seen 
by the correspondence in regard to the proper definition of 
bitumen and asphalt which has appeared in the Surveyor 
during the past year. In consequence of this situation the 
undersigned do not believe that it is desirable, or will be credit- 
able to the American Society, to take part in such a controversial 
subject at the present time. 

On the other hand, several well-known authorities support 
the position of the Sub-Committee on Definitions of Committee 
D-4 which it takes in defining the tars as bitumen. The whole 
subject, it will be seen, is a highly controversial one. 

As another illustration of an attempt to define an industrial 
term, the action of a committee of the International Association 
for Testing Materials which attempted to define “steel,” may 
be cited. On finding at the last congress in New York that the 
subject was controversial, the committee withdrew its report 
and no attempt was made to have the Association approve any 
definitions of this word. 

The only object to be attained by arriving at a uniform 
system of nomenclature and a generally recognized definition of 
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the meaning of certain terms is to secure uniformity, accuracy 
and convenience in their use, and that there shall be no con- 
fusion in the way in which they are employed by various writers, 
as is too often the case. The question arises as to whether any- 
thing but a waste of time will result in attempts which are 
partisan and contentious, and represent only the efforts of 
individuals or groups in different countries, to sustain the 
position which they have taken. It would seem to the under- 
signed that under such circumstances, it would be more satis- 
factory to abandon anything of this kind and to recognize that, 
there being unreconcilable differences in existence, every writer, 
before he employs the terms in question, should state frankly 
the sense in which he uses them. 

In view of these facts it would seem that no definition can 
be of value unless it is unanimously accepted by every one using 
the term. If this is not the case, nothing will be gained and the 
matter will still remain controversial. 

Committee D-4 is again recommending at this meeting 
a further series of definitions which, while perhaps not so con- 
troversial as that of bitumen presented last year, except in 
the case of the word “‘asphalt,” are not generally acceptable. 
While we might submit other definitions, which might meet our 
individual approval more satisfactorily than those which have 
been proposed, they would be in no less degree controversial 
and, on this account, no attempt will be made to do so at present. 
This minority report is made mainly with a view of bringing to 
the attention of the Society the entire subject of definitions of 
industrial terms, and the methods of voting upon them, with the 
idea of instructing the members of the Society in general as to 
the present status of the subject, and with the hope that it 
will be given careful consideration by the Society at its annual 
meeting and by the members before voting to adopt any of the 
definitions that are proposed. 


Respectfully submitted, 


CLIFFORD RICHARDSON, 
C. N. Forrest. 
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Sub-Committee 


DISCUSSION. 


SuB-COMMITTEE ON NOMENCLATURE, OF COMMITTEE D-4.— 


on Nomenclature. T6 Sub-Committee on Nomenclature of Bituminous Materials, 


in undertaking to frame definitions of terms used in paving 
and road construction, has endeavored to formulate the usage 
throughout the United States of the words defined. It has not 
sought to make any innovations or to change in any way what 
has already been generally accepted by the producers and users 
of bituminous materials. To the committee there seemed a 
great need of defining the terms in a simple manner, to obviate 
certain confusions which are arising, and to present in a concise 
manner the ideas which were widely accepted but somewhat 
hazily defined. 

The definitions which the committee has presented can 
create no confusion, either in trade or literature, as they follow 
along paths already defined by numerous writers and authorities. 
The work of the committee in no way binds anyone to accept 
the definitions of the Society. Those who choose can in the 
future define terms in their own writings to suit themselves, but 
it is hoped by the committee that the definitions offered are so 
simple and convenient that they will be widely recognized and 
adopted. 

A close analysis of the minority report develops two main 
points, neither of which refers to the proposed new definitions, 
but refer to those terms already adopted by the Society. Of 
these “bitumen” is singled out for special criticism. 

It should be noted that a former Sub-Committee on 
Nomenclature, of which Mr. Richardson was chairman, was 
called upon to define this and other terms. After prolonged 
inactivity the committee was dissolved and the present one 
appointed because an earnest effort at constructive work was 
demanded by the main committee. The present sub-committee 
is composed of men who have had a wide acquaintance through- 
out the United States with engineers and chemists representing 
the producers of every kind of road material, and with the 
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engineers and chemists of the Federal Government and of many Sub-Committee 
of the states and cities. on Nomenclature. 


The term “bitumen” was carefully considered before a 
meeting of Committee D-4, and the adoption of the definition 
was recommended, with Mr. Richardson and Mr. Forrest as the 
only dissenters. Committee D-4 presented its report to the 
whole Society at one of the sessions of a very full meeting in 
New York, at which the registered attendance was 231. That 
the members who voted for final adoption on letter ballot were 
those who felt themselves competent to vote on the matter is 
indicated by the voters being limited to 84. 

The undersigned believe that the definition of ‘‘ bitumen” 
which has been adopted is entirely warranted, both by etymology 
and by common usage. Mr. Richardson himself has already 
included under this term, oil-asphalts, asphalt residuums, and 
certain products produced artificially from native asphalts and 
petroleums by means of heat, with or without air agitation and 
accompanied by more or less cracking and resultant chemical 
changes. If he includes these, why should he exclude the prod- 
ucts produced from petroleum oils in making carburetted water- 
gas, which are known as water-gas tars, and also products 
produced by the destructive distillation of organic materials, 
which contain a large proportion of constituents identical with 
those contained in water-gas tars? 

The definition of “bitumen” already adopted by the 
Society is that used by German authorities on coal tar and 
asphalt, such as D. Holde and J. Marcusson (“Proposals for 
Definition of Bitumen,” Proceedings, International Association 
for Testing Materials, Vol. 2, No. 2). It is also used by such 
English and American authorities as: 


Allen: ‘Organic Analysis,” Vol. 3, Fourth Edition, p. 198; 

Dr. David T. Day: “Production of Asphalt, Related Bitu- 
mens, Bituminous Rock, Mineral Resources, 1911.” Doctor 
Day has also said in conversation that the new definition 
would be of great help to him in his work; 

Prévost Hubbard: “Bitumens and Their Essential Constit- 


‘ uents for Road Construction,” Office of Public Roads, Circular 


No. 93; 
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American Railway Engineering Association, Vol. 14, No. 154, 
February, 1913, p. 840; 

American Civil Engineers’ Pocket Book, Second Edition, 
p. 1353; 

Fourth Report, Special Committee on Bituminous Mate- 
rials for Road Construction, American Society of Civil Engi- 
neers, Proceedings, February, 1913, p. 175. 


“Bitumen ”’ is also used in the sense adopted by the Society 
in the specifications of such states as New York, Pennsylvania, 
Illinois, New Jersey, etc., and by many city authorities like 
George W. Tillson, New York (see “Street Pavements and Pav- 
ing Materials,” p. 43). 

The list could be extended indefinitely, but enough references 
have been given to show that the definition already adopted by 
the Society is in accordance with American usage, and to a 
considerable extent with foreign usage. 

In conclusion, the undersigned believe that the action of 
the committee was entirely justified; that the adoption of the 
definition of “bitumen” and the other definitions already 
adopted is a great step in advance; that the adoption of the new 
definitions proposed would reflect credit on the Society, and be 
of great use to American chemists and engineers; and that 
such adoption would greatly promote universal acceptance of 
the meaning of these terms. 


(Signed) A. H. BLANCHARD, 
H. B. Purar, 
P. P. SHARPLES, 
Prevost HuBBARD (Chairman). 


Mr. D. T. Day.—It is part of my duty in connection with 
the Bureau of Geological Survey to prepare an annual report on 
the production of asphalt in the United States. When I under- 
took this work about three years ago, I found that the natural 
asphalt material taken out of the earth as solid asphalt, in Utah 
and elsewhere, was a minority of the material used in the 
asphalt industries. That proved an embarrassment which we 
solved by including as asphalt everything that was used as 
asphalt. The proportion of oil asphalt has increased very 
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rapidly. Three-fourths of all the asphalt that we use in the 
United States is obtained from asphaltic oils more or less treated, 
to make a material which is suitable as asphalt. Since the 
Survey is obliged to include such products as asphalt and bitu- 
men, it is a great gratification to obtain the excellent definitions 
of these products which have been proposed by Committee D-4 
of this Society. The chief embarrassment in this regard arose 
from the fact that there is an unbroken series of materials, 
starting with comparatively thin asphaltic oils and extending 
to thick asphaltic oils or really asphalt, whichever way you 
choose to call it, requiring practically no preparation before 
serving as road binder. Such asphalts we find in Utah, and 
they are practically identical with what is gotten by boiling off 
light products from asphaltic oils. In other words, Nature has 
boiled this off in some cases and man in others, and while the 
results differ slightly on account of the rapidity of reaction in 
one case and not in the other, the results and the process are 
very much the same. 

We know perfectly well the tenacity of the binding mate- 
rial which holds other elements together in road construction, 
and in our definitions it will aid us if we bind ourselves together 
in making a definition here which will represent actual condi- 
tions in America. 


Mr. Day. 
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REPORT OF COMMITTEE D-5 
ON 
STANDARD SPECIFICATIONS FOR COAL. 


Following the appointment of Committee D-5 in 1909, 
that committee was divided into several sub-committees of 
which each was charged to consider the subject of specifications 
as applied to a coal used for certain specific purposes, for 
example, coal used for steaming or power plant purposes, coal 
used for household or domestic purposes, coal used for the manu- 
facture of gas, etc. After a considerable amount of work, the 
consensus of opinion of the members of the several sub-com- 
mittees, except the sub-committee concerned with the specifica- 
tions of coal for steaming or power plant purposes, is that our 
knowledge of the subject at the present time is inadequate to 
serve as a basis for a satisfactory specification. 

Concerning the specification for coals to be used for steam- 
ing or power plant purposes, a much larger amount of work 
has been done than for any other branch of the subject; and 
important progress has been made, based upon actual experience 
as well as upon laboratory work, towards the preparation of a 
satisfactory specification for such coals.. There are a few 
details, however, that have not been worked out to the satis- 
faction of a majority of the members of the committee, and 
especially is this true relative to the methods of sampling the 
coal to be purchased under such a specification. 

The committee accordingly recommends that it be con- 
tinued in the belief that by the end of another year it will be 
able to report a general specification for use in the purchase of 
steaming or power plant coals. Meanwhile, individual members 
of the committee will continue their inquiries and investigations 
concerning the possibility of specifications for coal to be pur- 
chased for other purposes. 


Respectfully submitted on behalf of the committee, 


‘J. A. Hotmes, Chairman. 
G. S. Popr, Secretary. 
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REPORT OF COMMITTEE D-8 
ON 
WATERPROOFING MATERIALS. 


Committee D-8, since its organization in 1905 has, as indi- 
cated by its yearly progress reports, through laboratory tests 
and experiments, together with examinations of work during 
construction and after completion, as well as the study of litera- 
ture on the subject, sought to secure sufficient information to 
enable it to formulate definite methods for securing waterproof 
concrete structures. The work of the committee was compli- 
cated by reason of the facts that there seemed to beso little 
concordance between results of tests obtained under laboratory 
conditions and in the field and by the necessity of extending its 
investigations over a period of years in order to determine the 
permanency of the action noted. 

The committee reports that while it has not been able to 
arrive at sufficiently definite conclusions to enable it to formu- 
late specifications for the making of concrete structures water- 
proof or for materials to be used in such work, it has reached 
certain general conclusions which may be of assistance to the 
constructor in securing the desired result of impermeable 
concrete. 

Early in the investigation, the work was found to sub-divide 
naturally into three branches, and the conclusions reached will 
be grouped in order under these sub-divisions, which are: 

1. ‘The determination of causes of the permeability of con- 
crete as usually made from mixtures of Portland cement, sand 
and stone, or other coarse aggregate, in proportions of from 1 
cement, 2 sand and 4 stone, to 1 cement, 3 sand and 6 stone, 
and the best methods of avoiding these causes; 

2. The rendering of concrete more waterproof by adding 
to ordinary mixtures of cement, sand and stone, other substances 
which, either by their void-filling or repellent action, would tend 
to make the concrete less permeable; 

3. The treatment of exposed surfaces after the concrete 
(459) 
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or mortar has been put in place and hardened more or less, 
either by penetrative, void-filling or repellent liquids, making 
the concrete itself less permeable or by extraneous protective 
coatings, preventing water having access to the concrete. 

Considering these several sub-divisions separately and in 
the order named, the committee finds: 

1. Causes of Permeability of Concrete.—That in the labora- 
tory and under test conditions using properly graded and sized 
coarse and fine aggregates, in mixtures ranging from 1 cement, 
2 sand and 4 stone, to 1 cement, 3 sand and 6 stone, impermeable 
concrete can invariably be produced. That even with sand of 
poor granulometric composition, with mixtures as rich as 1 
cement, 2 sand and 4 stone, permeable concrete is seldom, if 
ever, found and is a rare occurrence with mixtures of 1 cement, 
3 sand and 6 stone. But the fact remains, nevertheless, that 
the reverse often obtains in actual construction, permeable con- 
cretes being encountered even with 1 cement, 2 sand and 4 stone 
mixtures and are of frequent occurrence where the quantity of 
the aggregate is increased. This we attribute to: 

(a) Defective workmanship, resulting from improper pro- 
portioning, lack of thorough mixing, separation of the coarse 
aggregate from the fine aggregate and cement in transporting 
and placing the mixed concrete, lack of density through insuf- 
ficient tamping or spading, and improper bonding of work 
joints, etc.; 

(b) The use of imperfectly sized and graded aggregates; 

(c) The use of excessive water, causing shrinkage cracks 
and formation of laitance seams; 

(d) The lack of proper provision to take care of expansion 
and contraction, causing subsequent cracking. 

Theoretically, none of these conditions should prevail on 
properly designed and supervised work, and are avoided in the 
laboratory and in the field, under test conditions, where speed 
of construction and cost are negligible items, instead of being 
governing features as they must be in actual construction. 
Properly graded sands and coarse aggregates are rarely, if ever, 
found in nature in sufficient quantities to be available for large 
construction, and the effect of poorly graded aggregates in pro- 
ducing permeable concrete is aggravated by poor and inefficient 
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field work. Even if we could afford the added expense of screen- 
ing and re-mixing the aggregates so as to secure proper granulo- 
metric composition to give the density required to make untreated 
concretes impermeable, it is seemingly often a commercial impos- 
sibility on large construction to obtain workmanship even ap- 
proximating that found in laboratory work. 

2. Addition of Foreign Substances to Cement or During 
Mixture.—The committee finds that in consequence of the con- 
ditions outlined above, substances calculated to make the con- 
crete more impermeable—either incorporated in the cement or 
added to the concrete during mixing—are often used. This 
has resulted in the development and placing on the market of 
numerous patented or proprietary waterproofing compounds, the 
composition of which is more or less of a trade secret. 

While it has been impossible for the committee to test all 
of the special waterproofing compounds being placed on the 
market, it has investigated a sufficient number of these, as well 
as the use of certain very finely divided, naturally occurring or 
readily obtainable commercial mineral products, such as finely 
ground sand, colloidal clays, hydrated lime, etc., to form a gen- 
eral idea of the value of the different types. The committee 
finds: 

(a) That the majority of patented and proprietary inte- 
gral compounds tested have little or no immediate or permanent 
effect on the permeability of concrete and that some of these 
even have an injurious effect on the strength of mortar and 
concrete in which they are incorporated; 

(b) That the permanent effect of such integral waterproof- 
ing additions, if dependent on the action of organic compounds, 
is very doubtful; 

(c) That in view of their possible effect, not only upon 
the early strength, but also upon the durability of concrete 
after considerable periods, no integral waterproofing material 
should be used unless it has been subjected to long-time 
practical tests under proper observation to demonstrate its 
value, and unless its ingredients and the proportion in which 
they are present are known; 

(d) ‘That in general, more desirable results are obtainable 
from inert compounds acting mechanically, than from active 
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chemical compounds whose efficiency depends on change of 
form through chemical action after addition to the concrete; 

(e) That void-filling substances are more to be relied upon 
than those whose value depends on repellent action; 

(f) That, assuming average quality in sizing of the aggre- 
gates and reasonably good workmanship in the mixing and 
placing of the concretes, the addition of from 10 to 20 per cent 
of very finely divided void-filling mineral substances may be 
expected to result in the production of concrete which under 
ordinary conditions of exposure will be found impermeable, 
provided the work joints are properly bonded, and cracks do 
not develop on drying or through change in volume due to 
atmospheric changes, or by settlement. 

3. External Treatments.—While external treatment of con- 
crete would not be necessary if the concrete itself, either naturally 
or by the addition of waterproofing material, was impermeable 
to water, it has been found in practice that in large con- 
struction, no matter how carefully the concrete itself has been 
made, cracks are apt to develop, due to shrinkage in drying out, 
expansion and contraction under change of temperature, and 
moisture content and through settlement. 

It is, therefore, often advisable on important construction 
to anticipate and provide for the possible occurrence of such 
cracks by external treatment with protective coatings. Such 
coating must be sufficiently elastic and cohesive to prevent the 
cracks extending through the coating itself. The application 
of merely penetrative void-filling liquid washes will not pre- 
vent the passage of water due to cracking of the concrete. 
The committee has, therefore, divided surface treatment into 
two heads: 

(a) Penetrative void-filling liquid washes; 

(b) Protective coatings, including all surface applications 
intended to prevent water coming in contact with the concrete. 

While some penetrative washes may be efficient in render- 
ing concrete waterproof for limited periods, their efficiency may 
decrease with time and it may be necessary to repeat such 
treatment. Some of these washes may be objectionable, due 
to discoloring the surface to which they are applied. The com- 
mittee, therefore, believes that the first effort should be made 
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to secure a concrete that is impermeable in itself and that pene- 
trative void-filling washes should only be resorted to as a cor- 
rective measure. 

While protective extraneous bituminous or asphaltic coatings 
are unnecessary, so far as the mtajor portion of the concrete 
surface is concerned, provided the concrete—either in itself or 
through the addition of integral compounds—is made imper- 
meable, they are valuable as a protection where cracks develop 
in astructure. It is therefore recommended that a combination 
of inert void-filling substances and extraneous waterproofing 
be adopted in especially difficult or important work. 

Considering the use of bituminous or asphaltic coatings, the 
committee finds: 

(a) That such protective coatings are often subject to 
more or less deterioration with time, and may be attacked by 
injurious vapors or deleterious substances in solution in the 
water coming in contact with them; 

(b) That the most effective method for applying such pro- 
tection is either the setting of a course of impervious brick 
dipped in bituminous material into a solid bed of bituminous 
material, or the application of a sufficient number of layers of 
satisfactory membranous material cemented together with hot 
bitumen; 

(c) That their durability and efficiency are very largely 
dependent on the care with which they are applied. 

Such care refers particularly to proper cleaning and prepa- 
ration of the concrete to insure as dry a surface as possible 
before application of the protective covering, the lapping of 
all joints of the membranous layers, and their thorough coating 
with the protective material. The use of this method of protec- 
tion is further desirable because proper bituminous coverings 
offer resistance to stray electrical currents, the possible attack 
from which is referred to later. 

So far, the committee has considered only concretes of the 
usual proportions, namely, those ranging from 1 cement, 2 
sand and 4 stone, to 1 cement, 3 sand and 6stone. It has 
been suggested that impermeable concretes could be assured by 
using mixtures considerably richer in cement. While such 
practice would probably result in an immediate impermeable 
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concrete, it is believed by many that the advantage is only 
temporary, as richer concretes are more subject to check 
cracking and are less constant in volume under changes of 
conditions of temperature, moisture, etc. Therefore, the use of 
more cement in mass-concrete would cause increased cracking, 
unless some means of controlling the expansion and contraction 
be discovered. With reinforced concretes the objection is not 
so great, as the tendency to cracking is more or less counter- 
acted by the reinforcement. 

It has also been suggested that the presence in the cement 
of a larger percentage of very fine flour might result in the pro- 
duction of a denser and more impermeable concrete, through 
the formation of a larger amount of colloidal gels. 

Neither of these suggestions have been especially investi- 
gated by the committee. Both appeal to the committee, how- 


ever, for the reason that they substitute active cementitious — 


substances for the largely inactive void-filling materials previ- 
ously recommended, thus increasing the strength of the concrete. 

In conclusion, the committee would point out that no addi- 
tion of waterproofing compounds or substances can be relied 
upon to completely counteract the effect of bad workmanship, 
and that the production of impermeable concrete can only be 
hoped for where there is determined insistence on good work- 
manship. 

The production of impermeable concrete has assumed 
greater importance since the appointment of this committee, 
owing to the well-known injurious action of saline or alkaline 


‘waters and to the suggested possible effect of the moisture in 


concrete occasioning or aggravating electrical action from stray 
currents. 

Originally, the question of waterproofing involved mainly 
the physical troubles resulting from water passing through con- 
crete without any special consideration of its effect on its dura- 
bility, other than a gradual leaching out of the cement. Recent 
developments suggest the possibility that owing to the increased 
conductivity of damp concrete to electrical currents, such cur- 
rents, if present, may so affect damp concrete as to seriously 
lessen its integrity, and this possibility further emphasizes the 
importance of the recommendation that no waterproofing com- 
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pound of unknown chemical composition be added to concrete, 
as recent tests seem to show that the action of electrical cur- 
rents is aggravated by the presence of certain solutions. 


Respectfully submitted on behalf of the committee, 


W. A. AIKEN, 
CyrIL DE WYRALL, Chairman. 
Secretary. 


NotEe.—Following the presentation of the report of Com- 
mittee D-8, it was decided to refer certain proposed changes 
to the committee, with the understanding that if they were 
not unanimously adopted the report would be referred back to 
the committee. These changes, noted below, having been 
unanimously adopted by the committee, the report is printed 
above in its revised form.—Eb. 


Page 460, line 16: Insert “often” after “reverse.” 

Page 461, line 4: Insert “often” after “seemingly.” 

Page 461, line 6: Omit the following sentence: “ It there- 
fore seems that we can secure impermeable concrete 
most economically by adopting some special water- 
proofing treatment.” 

Page 461, line 9: Omit “the use of” before “substances.” 

Page 461, line 11: Substitute “are often used” for “has 
become general.”’ 

Page 461, line 24: Insert “immediate or” after “no.” 

Page 462, line 34: Substitute “some” for “many”; substi- 
tute ‘‘may be”’ for “are.” 

Page 462, line 35: Substitute ““may”’ for “‘is apt to.” 

Page 463, line 10: Substitute ‘‘of inett void-filling sub- 
stances” for “‘of the two methods, integral.” 
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REPORT OF COMMITTEE D-11 
ON 


STANDARD SPECIFICATIONS FOR RUBBER 
PRODUCTS. 


Committee D-11 was appointed in December, 1911, and 
the first meeting for the organization and selection of sub- 
committees was held in New York, at the Chemists’ Club, on 
February 24, 1912. 


Messrs. E. B. Tilt and E. A. Barrier were elected Chairman 
and Secretary respectively. 

After some discussion of the present situation with reference 
to rubber products, the more important materials were enume- 


rated, and sub-committees were decided upon with the chairmen 
as follows: 


Sub-Committee I on Air Hose, E. B. Tilt, Chairman. 
Sub-Committee IT on Belting, S. P. Thacher, Chairman. 
Sub-Committee III on Cold-Water Hose, E. A. Barrier, 


Chairman. 

Sub-Committee IV on Floor Covering, D. A. Cutler, 
Chairman. 

Sub-Committee V on Insulated Wire, C. D. Young, 
Chairman. 


Sub-Committee VI on Packing and Gaskets, W. A. 
Derby, Chairman.' 

Sub-Committee VII on Pump Valves, E. S. Land, 
Chairman. 


Sub-Committee VIII on Steam Hose, J. B. Young, 
Chairman. 


A second meeting was held at the Hotel Astor, New York, 
during the annual meeting of the Society in March, 1912, when 
there was a discussion regarding the committee work and the 


10Owing to the lamented death of Mr. Derby, this sub-committee has been merged 


with that on pump valves, and the designations of Sub-Committees VII and VIII changed 
to VI and VII respectively. 
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outlining of the work to be accomplished. The membership 
of the committee was increased and the personnel of the sub- 
committees made known where selection had been made. A 
notice was also given on the floor, on the last day of the Society’s 
meeting, of the creation of this committee and the scope of its 
work. 

A third meeting of the committee was held in New York 
in the latter part of September, during the Third International 
Rubber Conference, at which there was further discussion as to 
the work of the sub-committees, the membership, and the mate- 
rial available for specifications. Since then, the sub-committees 
have been gathering data and making an effort to draw up 
specifications, the results of which are given herewith in brief. 

Sub-Committee I on Air Hose——No members are selected 
for air-brake hose on account of the fact that this subject is a 
live issue with the Master Car Builders’ Association, which has 
a special committee on this work and which includes two mem- 
bers of Committee D-11. It was therefore decided to defer 
action until the Master Car Builders’ Association had come to 
some decision. Pneumatic-tool hose will now be taken up. 

Sub-Committee IT on Belting. —Owing to change of residence 
and business of the chairman, this sub-committee was not 
organized, and no progress has been made. Mr. C. D. Young is 
now organizing the sub-committee. 

Sub-Committee III on Cold-Water Hose.—Meetings of this 
sub-committee have been held, and specifications for rubber- 
lined fire hose have been submitted by the chairman to the 
members and general committee for their consideration, and 
will be submitted to the Society at the next annual meeting. 

Sub-Committee IV on Floor Covering—No organization 
of this sub-committee has been made, but this will be done im- 
mediately. 

Sub-Committee V on Insulated Wire.—As this subject is 
receiving attention by Committee D-9 of our Society, as well 
as by other technical societies, it has been decided to await 
the result of the present investigations in hand before drawing 
up or endorsing specifications. 

Sub-Committee VI on Packing, Gaskets and Pump Valves.— 
This sub-committee has completed some specifications, and it 
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will be in position to submit a number to the Society at the next 
annual meeting. 

Sub-Committee VII on Steam Hose.—This sub-committee 
has been collecting data and considering present specifications, 
and will submit a specification at the next annual meeting. 

The chairman and secretary of the committee were in 
attendance as representatives of the Society, at the International 
Rubber Conference held in New York in September, 1912, but 
the proceedings of the Conference have been so generally given 


in the technical journals that we do not consider that a separate 


report to the Society is required. 
Respectfully submitted on behalf of the committee, 


E. B. T1171, 
E. A. BARRIER, Chairman. 


Secretary. 
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REPORT OF COMMITTEE E-1 
ON 
STANDARD METHODS OF- TESTING. 


The work performed by Committee E-1 during the past 
year has been confined to that of its Sub-Committee on Methods 
of Chemical Tests, consisting of Mr. Robert Job, Chairman, 
and Messrs. W. A. Bostwick, Henry Fay, Henry M. Howe, 
Henry P. Talbot, G. D. Chamberlain, H. E. Diller and O. 
Linder. 

This sub-committee was organized to develop standard 
methods for the analysis of steel, and the work was placed in 
the charge of Messrs. Fay and Chamberlain. These gentlemen 
have recently reported their recommendations to the chairman 
of the sub-committee, but the work will now be discontinued 
owing to the appointment of a sub-committee by Committee 
A-1, on Standard Specifications for Steel, for the same purpose; 
and in order to avoid confusion and duplication of work, Com- 
mittee E-1 has voted to refer the methods as proposed by 
Messrs. Fay and Chamberlain to the chairman of the sub-com- 
mittee of Committee A-1 for its information. 


Respectfully submitted on behalf of the committee, 


GAETANO LANza, 
Chairman, 
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REPORT OF COMMITTEE E-5 


ON 


REGULATIONS GOVERNING THE FORM BUT NOT 
THE SUBSTANCE OF SPECIFICATIONS. 


By authorization of the Executive Committee the respon- 
sibility for the Regulations Governing Technical Committees 
has been vested in Committee E-5, which includes the chair- 
men of all committees dealing with specifications, with the under- 
standing (1) that proposed changes in these Regulations originat- 
ing with Committee E-5 shall be subject to approval by the 
Executive Committee of the Society; and (2) that the Executive 
Committee of the Society will make no changes in these Regu- 
lations without having first referred them to Committee E-5. 

In pursuance of this authorization the following changes 
have beer. made in the Regulations Governing Technical Com- 
mittees, which appear in Volume XII of the Proceedings, pages 
531-534: 

1. The insertion of the following new section after the 
present section on “Specifications’’: 


“Standard Definitions —The procedure governing action 
on proposed new standard definitions or the proposed amend- 
ment of existing standard definitions shall be in precise 
coniormity with that above defined in relation to “‘Speci- 
fications,” except that such new or amended definitions 
shall not be referred to letter ballot of the Society prior to 
the annual meeting following their publication in the Pro- 
ceedings of the Society.” 


2. The addition of the following sentence to the section 
on “Discharge of Committees”: 


“A technical committee which fails to present a report 
at three successive annual meetings of the Society will be 
required to show cause, in a written communication to the 
Executive Committee, why it should not be discharged,” 
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The Committee has also revised and extended the list of 
abbreviations, etc., in the Regulations Governing the Form but 
not the Substance of Specifications, Standard Methods of Tests, 
etc. (See Year-Book for 1912, pages 105-113.) The changes 
involved are not considered of sufficient importance, however, 
to be mentioned here in detail, but will appear in the revised 
Regulations in the Year-Book of the Society for 1913. 


Respectfully submitted on behalf of the committee, 
EpGAR MARBURG, 


Chairman. 


[Note.—For action taken in connection with this report, 
see pp. 15-16.—EbD.] 
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REPORT OF COMMITTEE E-6 
ON 
PAPERS. 


In announcing the appointment of Committee E-6 on 
Papers, the Executive Committee defined the authority and 
duties of the committee in the following terms: 


1. Authority for the acceptance of papers shall be 
vested in a Committee on Papers broadly representative 
of the principal interests in the Society, whose membership 
shall be subject to enlargement under the Regulations 
Governing Technical Committees. This committee will 
also cooperate in an advisory capacity with the Secretary 
in the preparation of the technical program for the meet- 
ings. The Secretary of the Society shall be the chairman 
of the committee. 

2. This committee shall be authorized to draw up its 
own regulations, which shall be subject to the approval of 
the Executive Committee. Any modifications in these 
regulations which may be proposed from time to time shall 
be similarly subject to the approval of the Executive 
Committee. 


The committee has given careful consideration to the 
practices of other Jeading national societies in matters affecting 
the acceptance and publication of papers and discussions, and 
has drawn up the regulations which appear in the appendix 
_to this report. As already announced through a circular notice 
|to the membership of the Society at large, these regulations 
have been approved by the Executive Committee, with the 
understanding that they shall be regarded as of a tentative 
‘nature and subject to modification in the light of experience. 
The members of the Society are invited to discuss and criticise 
these regulations freely. The sole aim of the committee is that 
the publications of the Society shall be placed on the highest 
possible plane, and any suggestions to that end will be grate- 
fully received. All such communications should be addressed 
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to the Secretary of the Society, as chairman ex-officio of the 
committee. 

The committee has also formulated certain administrative 
regulations for its own guidance, which are designed, on the 
one hand, to safeguard the interests of the Society as well as 
those of intending contributors to the Proceedings, and on the 
other, to avoid vexatious delays and serious dissatisfaction that 
would be apt to result from unnecessary ‘“‘red tape.” 

The committee has spared no efforts to make the new 
regulations operative at once in relation to the material pre- 
sented at this meeting, with the following results: Of the 23 
committee reports and 37 papers included in the program 
for the annual meeting, 19 committee reports and 33 papers, 
totaling some 700 printed pages, have been put in print in 
advance of the meeting, and with relatively few exceptions this 
matter has been distributed among the membership of the 
Society from two to four weeks before the date of the meeting. 
This leaves only 8 out of a total of 60 contributions unaccounted 
for. In these exceptional instances the authors found it imprac- 
ticable to furnish their manuscripts sufficiently far in advance of 
the meeting to admit of preprinting. Such exceptions are 
always to be expected unless the regulations are made more rigid 
than the committee deems advisable. The committee has used 
its best efforts to minimize their number and with the experience 
gained this year it is hoped that even better results will be 
attainable in the future. 


Respectfully submitted on behalf of the committee, 


EDGAR. MARBURG, 
Chairman. 


{[NotE.—For action taken in connection with this report, 
see p. 16.—Eb.] 


\ 
| 
Wee: 
my 
i 
ye 
igs 
\ 
H 
‘ 
| 
4 
War 
: 


APPENDIX. 


REGULATIONS GOVERNING PAPERS, COMMITTEE 
REPORTS AND DISCUSSIONS. 


Authority of Committee —Committee E-6 on Papers has been 
given full authority by the Executive Committee in all matters 
affecting the acceptance, rejection, editing and publication of 
papers and discussions. 

Preprinting of Papers and Committee Reports—The Com- 
mittee on Papers proposes to use its best endeavors to put the 
papers and committee reports to be presented at annual meetings 
in type for advance circulation. To render this practicable, the 
manuscripts should be sent to the Secretary at least two months 
in advance of the meeting at which they are to be presented. 
The committee will then endeavor to issue preprints to the 
membership at large one month in advance of the meeting. It 
is manifest, however, that if all papers forming part of a compre- 
hensive program should be received only two months in advance 
of the meeting, it would not be practicable to have them all put 
in type in a single month. Authors and chairmen of committees are 
accordingly requested to furnish their manuscripts as far in advance 
of the meeting as possible. 

In general, the sequence in which the papers are received 
will determine the sequence in which they will be printed. 
Manuscripts received too late for printing and advance circula- 
tion will be put in type, in so far as practicable, with a view of 
having them available in printed form at the meeting. 

The committee reserves the right to reject papers received 
too late for advance printing, although exceptions will be author- 
ized at the discretion of the committee. 

S pecifications.—Attention is called to the following excerpt 
from the Regulations Governing Technical Committees: 


% 


“Any recommendation affecting” specifications must 
be transmitted to the Secretary of the Society at least 
eight weeks in advance of the date of the annual meeting, 
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and copies of these recommendations, in printed form, must 
be mailed by the Secretary to every member of the Society 
not less than four weeks before the annual meeting so 
that members may come to the meeting prepared to dis- 
cuss such recommendations, and that members not intend- 
ing to be present at the meeting may contribute discussions 
by letter.” 


- Editing of Papers and Discussions—The Committee on 
Papers will edit and revise papers for publication. If such editing 
and revision is not acceptable to the author, the committee will 
endeavor to meet the wishes of the author as far as possible, 
but if a revision acceptable to both the committee and the 
author cannot be reached, the papers shall not be presented or 
published. 

The above provisions. are applicable also to written or 
verbal discussion. 

In the editing of matter for the publications of the Society, 
the requirements as to “typography, standard terms, abbrevia- 
tions, spelling, etc.,” contained in the Regulations Governing 
the Form but not the Substance of Specifications, will be adhered 
to. It is recommended that authors assist the Committee on 
Papers by following these requirements in the preparation ef 
their manuscripts. 

Rejection of Papers.—The rejeetion of papers will be deter- 
mined chiefly on the following grounds: 


(a) That the subject matter does not fall within the field 
of the Society’s activities. 

(b) That the contents are of an advertising character. 

(c) That the author controverts well-established facts. 

(d) That the subject-matter is essentially of a speculative 
nature. 

(e) That the subject-matter is not new. 

({) That the treatment is seriously defective as to literary 
form and structure, continuity of one, clarity of 
expression, etc. 


The committee reserves the right, however, to reject papers 
on grounds other than those above stated; for example, a paper 
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in which sweeping generalizations are premised on manifestly 
inadequate data; a paper embodying trade secrets, for example, 
one descriptive of the properties of a product whose composition 
or manufacture are not disclosed; or, again, a paper containing 
the results of tests calculated to do injury to commercial 
interests, unless representatives of those interests witnessed the 
tests, or are given the opportunity of preparing discussions for 
presentation concurrently with the paper. 

Outside Publication.—No paper, committee report, or writ- 
ten discussicn shall be released for publication in the daily or 
technical press in advance of its presentation, except by authority 
of the Committee on Papers; nor after its presentation, unless 
it has previously been edited by the committee or the committee 
agrees to release it without editing. 

No person shall receive monetary compensation from 
reprinting any paper or discussion presented before the Society, 
without previous authorization from the committee, and in all] 
reprints credit must be given to the Society. 
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OXYGEN IN IRON AND STEEL: VALUE OF EXISTING 
METHODS FOR ITS DETERMINATION. 


By W. R. FLEMING. 


It is a lamentable fact that we have no trustworthy method 
for the determination of oxygen in iron and steel. At the pres- 
ent time the Ledebur method is the only one used by chemists 
to any extent. In the writer’s opinion, this method is little 
better than no method at all, for it is both inaccurate and mis- 
leading. In the cases of steel and wrought iron the method is 
practically worthless, for most of the oxygen in steel is in com- 
bination with manganese, silicon, chromium, aluminum, etc., 
and much of the oxygen in wrought iron is in the silicates and 
phosphates of the cinder. It is well known that oxygen united 
with these elements is not obtained by the Ledebur method. 
Yet in spite of this some chemists waste their valuable time 
attempting to determine oxygen by the Ledebur method. 

Several companies are now manufacturing ferrous metals 
in open-hearth furnaces that approach closely to pure iron. 
These metals are practically free from manganese, silicon and 
other elements whose oxides will not decompose in hydrogen. 
Consequently the oxygen in these metals is practically all in 
combination with iron, and since all oxides of iron give up their 
oxygen when ignited in hydrogen it follows that here the Lede- 
bur method must have some value. Although in this special 
class of ferrous metals the Ledebur method gives results nearest 
to the truth, at the same time I wish to show in this paper that 
even here the method has a very limited value. 

A method outlined by Walker and Patrick at the last 
Congress of Applied Chemistry may eventually prove a reliable 
means of determining oxygen in steel. By this method the total 
oxygen in the Steel is obtained as carbon monoxide by heating 
to a high temperature, in the presence of carbon, in a vacuum. 
The great objection to this method is the extremely large blank 
that has to be deducted. However, the method is undoubtedly 
far superior to the Ledebur method and it is to be hoped that 
the originators of this unique method will bring it to a degree 
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of accuracy which will enable us to class it with the exact methods 
we have for carbon, manganese, etc. 

In republishing the Ledebur method a few years ago, Dr. 
A. S. Cushman deprecated the fact that American chemists 
had failed to give sufficient attention to the determination of 
oxygen in steel, and that text books on steel analysis had failed 
to include a method for it. This attitude of American chemists 
is not surprising, for they undoubtedly realized that there was 
no method sufficiently accurate to justify a description in text 
books, not even to justify the wasting of valuable time in the 
laboratory. The fact that the Ledebur method is not described 
in any work on analytical chemistry, except that of Ledebur 
himself, surely has some significance, especially when we con- 
sider that Ledebur published the method over thirty years ago. 
If it had any great value it surely would have found its way 
into some of our standard analytical books. 

For the purpose of this paper I will take for granted that 
when analyzing ferrous metals free from difficultly decomposed 
oxides, the Ledebur method obtains all of the oxygen, provided 
the sample is sufficiently divided. I would remind you, how- 
ever, that in some instances considerable aluminum is used as 
a deoxidizing agent in place of ferromanganese, and in these 
cases there is undoubtedly some aluminum oxide in the metal, 
which, of course, would be untouched by ignition in hydrogen. 

It is a surprising fact that all writers who have described 
methods for the determination of oxygen have failed to discuss 
the most important feature, namely, the taking of the sample. 
It is absurd to waste time determining an element unless we 
know that the drillings we are analyzing are representative of 
the entire mass. We have very little trouble securing repre- 
sentative samples of drillings for the determination of carbon, 
manganese, etc., and most chemists seem to take for granted 
that representative samples for oxygen can be secured in the 
same way. Thisis not true. The carbides, sulphides and phos- 
phides of iron and manganese exist in a state of solution and are 
fairly uniform in well-made steel. The oxides of iron do not 
exist in this intimate relation with the metallic body; they are 
mere mechanical impurities and arrange themselves through- 
aut the metal according to mechanical laws. During slow 


| 
| 
| 
| 
, 
| 
| 
| 
| 
| 
\ 
| 
| 
ms 


FLEMING ON OXYGEN IN IRON AND STEEL. 479 


cooling of liquid metal in ingot molds, the oxides travel slowly 
inward and upward, leaving the solidified ingot irregular in 
oxygen. -On this account it is difficult, if not almost impossible, 
to get drillings for analysis which will represent the true oxygen 
content of the entire mass. Certainly one or two pieces taken 
at random from a shipment will give the purchaser no idea of 
the true percentage of oxygen. 

I have examined a great number of ingots of nearly pure 
ferrous metal and in every case I have found the oxygen very 
irregularly distributed, the outside invariably being lower in 
oxygen than the center, and the lower portions of the ingots 


TABLE I.—PERCENTAGE OF OXYGEN. 


First Eighth | Fourth Eighth 
Bar No. Inch in Bar, Inch in Bar, 
“Outside.” “Center.” 
| 
0.023 | 0.074 


invariably containing less than the upper portions. It did not 
matter whether the metal contained little or much oxygen; 
the variation existed just the same. 

Ingots weighing over 5000 lb. were rolled out into sheet 
bars 1 in. thick and 8 in. wide. After cutting off a good “crop” 
at the upper end, Sample No. 1 was cut, then samples cut at 
eight equal distances from top to bottom. Two oxygen deter- 
minations were made on each sample by the Ledebur method, 
one from the drillings cut from the first eighth inch below the 
surface, and one from drillings cut from the center. The results 
from an ingot containing considerable oxygen are given in 
Table I. 

Figs. 1 to 8 show microphotographs of sections corre- 
sponding to the locations from which the above drillings were 
taken. Table I, together with the microphotographs, shows the 
great difficulty in obtaining representative drillings for oxygen 
determination. 
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(a) First Eighth Inch. (b) Center. 


Fic. 1.—Bar No. 1. 


(a) First Eighth Inch. (>) Center. 
Fic. 2.—Bar No. 2. 


(a) First Eighth Inch. 
Fic. 3.—Bar No. 3. 
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(a) First Eighth Inch. , (b) Cente: 
Fic. 4.—Bar No. 4. 


(a) First Eighth Inch. 
Fic. 5.—Bar No. 5. 


(a) First Eighth Inch. 
Fic. 
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I am convinced that the analyses of one or two pieces cannot 
be of any value. Furthermore, I am convinced that unless 
the analyst knows the location of the piece, whether it came 
from the top, middle, or bottom of the ingot,—in other words. 
unless he knows the history of the sample,—the result he obtains 


(a) First Eighth Inch. (b) Center. 
Fic. 7.—Bar No. 7. 


(a) First Eighth Inch. (b) Center. 
Fic. 8.—Bar No. 8. 


will be of little real value. From this it follows that the manu- 
facturer is the only one that can get a true (approximately true) 
idea of the amount of oxygen contained in all the pieces rolled 
from an ingot, or from a whole heat. 

_ Great importance is being attached by some companies 
to the amount of oxygen contained in sheet metal, it being 
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claimed that this element is an accelerator of corrosion. In 
support of this view, meaningless laboratory tests and vague 
theories are advanced. As a matter of fact there is absolutely 
no evidence which even indicates that oxygen is an accelerator 
of corrosion. On the contrary we have an abundance of testi- 
mony pointing in the opposite direction. We know that wrought 
iron resists corrosion much better than steel and we know that 
most wrought iron is polluted with oxygen. We know that 
the ‘‘piles” are made of muck bars covered with thick coatings 
of iron oxide and we know that this iron oxide is present in the 
finished sheet. The very method of manufacture itself produces 
metal’ high in oxygen. This evidence, produced by years of 
practical experience, is infinitely more convincing than the 
most ingenious laboratory test or the most subtle theory. 

While I do not defend wrought iron and while I believe 
that metal can be made in the open-hearth furnace which will 
be even more rust-resisting than wrought iron, at the same 
time I believe we are unfair when we compare percentages of 
oxygen in the two metals and use the high percentage in wrought 
iron to lead prospective buyers away from it. It is my opinion 
that, if the truth were known, oxygen retards rather than 
accelerates corrosion. 


REMARKS ON LEDEBUR METHOD. 


Dr. A. S. Cushman published the Ledebur method in the 
Journal of Industrial and Chemical Engineering, Vol. 3, p. 372. 
He used a gas blast furnace which simultaneously heated the 
preheating and ignition tubes. While there is no objection to 
this if the hydrogen is perfectly free from oxygen, there is a 
decided objection to it if the hydrogen contains oxygen. In 
this case all of the oxygen that is in the apparatus, at the time 
a certain temperature is reached, between the preheating tube 
and the weighing apparatus, is weighed and counted as oxygen 
in the steel. It is true that the running of a blank may correct 
this error to some extent, but there is no way of knowing the 
exact error that is introduced in this way with every determi- 
nation. The best, and by far the safest, arrangement is to em- 
ploy a preheating furnace, and the furnace best for this purpose 
is an electric resistance furnace. This can be made by any- 
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one with little work and almost no expense. A gas furnace for 
blast is best for ignition of the samples. 

The train used by the writer is shown in Fig. 9. The 
hydrogen is generated by stick zinc and dilute hydrochloric 
acid. By placing 15 lb. of stick zinc in the generator it need not 
be disturbed for over one hundred determinations. The great 
advantage of this is apparent. R and R, provide constant 
pressure and improve the apparatus 100 per cent over that with 
a Kipp alone. 

The weighing apparatus 1s weighed filled with hydrogen. 
Aspirating with air before weighing is not only a waste of time 
but introduces more error than it corrects. If the weighing 
tube has perfectly ground stoppers it should be weighed filled 


Hand H, contain Sulphuric Acid (conc) T, 3 Silica Tube. 
Pcontains 50% Potassium Hydroxide Solution. W., Absorption Tube Containing 


C, & Bore Silica Tube. Phosphoric Anhydride. 
E, Electric Furnace. G, Guard Tube Containing 
S, Soda Lime. Phosphoric Anhydride. 


D, Phosphoric Anhydride. 
F 


Fic. 9. 


with hydrogen; if not, it is best to weigh filled with air. To 
test the tube fill it with hydrogen and weigh against a tare. 
Weigh again at equal intervals for several hours. If it gains 
in weight it should be used for some other purpose. In order- 
ing these tubes perfectly ground joints should be insisted upon. 

If the apparatus is in good order constant blanks of 0.0015 
gram will be obtained, whether the atmosphere be hot or cold, 
moist or dry. 

R. H. McMillen has recently published the Ledebur method 
claiming the following features as improvements: use of electric 
resistance furnace for ignition of the sample; use of porcelain 
boats; use of pyrogallic acid in the train; weighing of the 
absorption tube filled with hydrogen. Dr. Cushman criticised 
the article on the ground that no contribution had been made 
to the older method. The stand taken by Cushman is undoubt- 
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edly taken by all chemists who have had experience with the 
Ledebur method, for it is difficult to see wherein McMillen 
has made the slightest improvement in the method. As Cush- 
man has said, the electric furnace is not adapted to this method 
because it requires too much time heating and cooling. The 
first train set up by the writer, over five years ago, contained 
the two improvements claimed by McMillen, namely, two 
resistance furnaces and pyrogallic acid. The second electric 
furnace, for heating the sample, was abandoned a few days 
later for reasons pointed out by Cushman. A short time after- 
ward I learned that the use of pyro was unnecessary and aban- 
doned that also. 

As to the other improvements claimed by McMillen, the 
use of porcelain boats and weighing of the tube filled with hydro- 
gen, little need be said. Any chemist, in his first experiments 
with the method, would naturally use porcelain boats. Cush- 
man criticises the use of porcelain on the ground that it absorbs 
moisture. ‘This criticism is slightly overdrawn, for, as McMillen 
has said, with little precaution no error will be introduced in 
this way. The most important criticism made by Cushman 
was on the practice of weighing the absorption tube filled with 
hydrogen. He attacks this practice on the ground that hydro- 
gen diffuses through “air-tight” stoppers. On this point I beg 
to disagree with Dr. Cushman. I have been weighing absorp- 
tion tubes filled with hydrogen for over five years and wish to 
say emphatically that hydrogen does not diffuse through the 
stoppers if they are ground as they should be. If the chemist 
will take the time to test the U-tubes to satisfy himself that 
the stoppers are well ground he need have no fear of hydrogen 
diffusing through the stoppers. 

The following experiment on this point may be of interest 
to some: A U-tube, loaded with glass wool and phosphoric 
acid, was filled with hydrogen and placed in an ordinary des- 
iccator. It was weighed at intervals for five months and at the 
end of five months it weighed exactly the same as on the day 
it was filled with hydrogen. 

In his article McMillen called attention to the well-known 
fact that the Ledebur method obtains only that oxygen which 
is combined with iron, and that it fails to decompose the oxides 
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of manganese, silicon, etc. Replying to this, Dr. Cushman 


states that it is not necessary to know the amount of oxygen 
combined with manganese, silicon, etc., because the amount of 
iron oxide measures the extent to which the metal has been 
over-oxidized in the furnace. It is difficult for the writer to 
understand the point of view taken by Dr. Cushman. Prac- 
tically all basic steel, at the time of tapping, contains from 
0.15 to 0.25 per cent of manganese. Is it Dr. Cushman’s opinion 
that none of this manganese is combined with oxygen? F om 
our practical knowledge of the affinity of iron and manganese 
for oxygen we must assume that the small amount of oxygen 
usually found in steel at the time of tapping is in combination 
with manganese, or at least we must assume that manganese 
has its share of the oxygen. For the sake of argument we will 
assume that all of the oxygen in the metal at the time of tap- 
ping is in combination with iron, and that the metal contains 
0.10 per cent of oxygen. To deoxidize this highly over-oxidized 
metal, ferromanganese and ferrosilicon are added in the ladle. 
If enough of these deoxidizing materials has been added, and 
if they accomplish the purpose for which they were added, then 
the metal will be free from iron oxide and will contain a certain 
amount of manganese and silicon oxides which could not find 
their way to the slag. In this ideal case would not the amount 
of manganese oxide and silica bear some relation to the amount 
of oxidation that had taken place in the furnace? 

In the manufacture of pure open-hearth iron the metal, at 
a certain stage in the process, contains from 0.06 to 0.10 per 
cent of oxygen. If tapped at this stage, without the addition 
of any deoxidizing agent, no difficulty will be experienced in 
rolling it. If, however, ferromanganese and ferrosilicon are 
added (say 200 lb. of each) in the ladle the metal will crumble 
to pieces in the rolls. This is due to the fact that the manganese 
and silicon rob the iron of its oxygen and in some mysterious 
way render the metal extremely red-short. If these oxides had 
found their way to the slag, the metal, in all probability, would 
have been improved. This is mentioned to show that the oxides 
of manganese and silicon, formed on the addition of ferro- 
manganese and ferrosilicon to over-oxidized metal, do not find 
their way to the slag but remain to a great extent in the metal. 
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DISCUSSION. 


Mr. A. S. CusHMan.—I have been interested in the Lede- Mr. Cushmar. 
bur method for the determination of oxygen in iron and steel, 
and I published the Ledebur method in this country with some 
slight modifications in the effort to bring it up to date. Iwasa 
student under Professor Ledebur and used to have the privilege 
of hearing him discourse on the subject of oxygen in steel and on 
the general subject of deoxidation. I am free to confess that 
the determination of oxygen in steel by the Ledebur method 
is a difficult method in the hands of the ordinary commercial 
laboratory, for we must realize that we are dealing at best 
with extremely minute quantities. The upper range has just 
been stated here, we will say 0.12 per cent. The usual range 
of oxygen content by the Ledebur method is from 0.02 to 0.08. 
per cent. That is to say, we are dealing with the determina- 
tion of a few hundredths of one per cent of oxygen in the metal. 
Now you will readily see that in such a determination a great 
deal must depend upon the way the sample is prepared, and 
cared for. The slightest bit of superficial rust on the turnings 
which have been taken, will lead to high results. Again, much 
depends upon the man and machine that cut the samples, for 
they may easily be a little burned in machining without oil. 

It is true that the Ledebur method does not determine 
total oxygen. Oxides of manganese, aluminum and silicon, and 
oxygen in slag, are not reducible in hydrogen. If one wishes to 
determine total oxygen in steel, this method will not answer. 
But if one wishes to know how much oxygen is combined with 
iron in contradistinction to oxygen that may be bound up with 
manganese or slag, the Ledebur method is the only one that 
will give the desired information. If a method ever is discovered 
that will distinguish the oxygen combined with manganese 
and slag from that combined with iron, it will be valuable; but 
I fail to see that the determination of total oxygen without 
respect to the elements with which it is combined, gives any 
information worth having. 
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Mr. Cushman. 


Mr. Bassett. 


488 DiIscUSSION ON OXYGEN IN IRON AND STEEL. 


As to the point raised by the speaker in regard to weighing 
the absorption tube full of hydrogen, I can only say that I was 
taught at college to replace other gases with dry air before 
attempting to make very accurate weighing. It only takes a 
few minutes, and when we are concerned with the estimation 
of very minute quantities of oxygen the precaution is certainly 
called for. 

Mr. W. H. Bassett.—The photographs shown are ex- 
tremely interesting. Such spots are always to be seen in copper, 
or in alloys of copper and nickel which contain oxygen, but are 
never present in deoxidized copper or alloys. It therefore 
seems fair to conclude that they are due to oxygen. The photo- 
graphs so closely resemble those of copper-nickel alloys con- 
taining oxygen that, if they had been presented as such, no one 
could have had reason to express doubt. 
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EFFECT OF SIZE OF SECTION ON PHYSICAL PROP- 
.ERTIES DEVELOPED BY HEAT TREATMENT. 


By J. H. NeEap. 


In these days of the wide-spread use of heat-treated alloy 
steels for the highly stressed and vital parts of automobiles and 
other types of machinery, it is necessary that the designer, 
in order to properly take advantage of these materials and to 
properly proportion the separate parts of the design, shall know 
what physical properties may be expected of these different 
materials when they have been subjected to varying heat-treat- 
ing conditions. 

Tables and lists of the physical properties of all of the 
commercial alloy steels at present on the market may be readily 
obtained gratuitously from the makers of these materials, and 
these tables of physical properties will in general contain the 
following items: elastic limit in pounds per square inch, maxi- 
mum tensile strength in pounds per square inch, percentage 
reduction of area, percentage elongation in two inches, and 
sometimes the Brinell hardness number. 

Invariably, however, these figures have all been obtained 
as a result of tests of test specimens of approximately 3 in. in 
diameter. They are obtained from testing standard tension 
test pieces that have been heat-treated either in the test piece 
size or as } or 1-in. round bars, and subsequently machined 
to standard tension test-piece size. 

In no case are these figures representative of the physical 
property values that are obtained commercially in treating 
different size sections of these materials. These figures represent 
the physical properties of hardened small sections, whereas the 
majority of commercial applications of these materials are for 
parts of large section, such as gear wheels, driving shafts, crank 
shafts, axles, etc. These parts are generally heat-treated and 
it is quite generally recognized that the strength, ductility, 
etc., which heat treatment will develop in these large size sections, 
are quite different from the similar properties which will be 
obtained in smaller sections by similar heat-treatment methods. 
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So far as the author is aware, very little work has been 
done on determining the effect of size on the physical properties 
developed by heat treatment. The variables affecting the 
hardening of a piece of steel other than the size of the piece 
being quenched, namely, the initial quenching temperature and 
the character of the cooling medium, have been made the sub- 
ject of a vast amount of research. Literature and data concern- 
ing the proper hardening temperature, that is, the temperature 
from which to quench these different alloy steels, are inex- 
haustible. Also the effect of different cooling mediums with 
their many variables has been broadly studied, but the effect 
of the size of the piece being quenched, in its relation to the 
physical properties developed, has received very little attention. 
And it was with a view to obtaining some definite information 
on this point that the experiments hereinafter described were 
undertaken. 

The only published work on the effect of size, which we 
have been able to find, is in the Mayari Steel catalog of the 
Pennsylvania Steel Co., second edition, pages 33-36. Here are 
given some results of tests of two steels of the Mayari or natural 
alloy chrome-nickel type. These tests were on 0.28-per-cent- 
carbon and 0.39-per-cent-carbon steels, containing about 0.45 
per cent of chromium. Curves are given showing the relation 
that exists between the four physical properties,—elastic limit, 
tensile strength, reduction of area, and elongation, respectively, — 
and the sizes of the pieces being quenched. 

The pieces were quenched, for the first steel, in sizes from 
1 to 6 in. round; for the second steel, from } to 4% in. round. 
These data are very interesting but incomplete, inasmuch as 
the heat treatment to which the bars were subjected is not 
given; also, the figures are not accurate for the real physical 
properties developed in the pieces, for, quoting from the catalog, 
“on the bars over 2 in. in diameter, the tests were taken one- 
half the distance from the center to the outside, and on the 
smaller rounds they were taken from the center.” This is the 
trouble with all of the tension-test data available at present. 


OUTLINE OF EXPERIMENT. 


The plan of our experiment was to actually test full-size 
test pieces from 3 in. round up to 13 in. round, increasing tke 
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diameter } in. from piece to piece. This latter size was about the 
maximum that could be satisfactorily tested in the 800,000-lb. 
Emery testing machine at the Watertown Arsenal at Watertown, 
Mass. And it was about as large as is ordinarily used in the 
majority of automobile constructions. 


204" 


| 


Test PieceNo| “A” Ki 
/-2-23 | 0°500 | 0°750 
3-4-24 | a°625 | 
5-6-25 | 0°750 | 
7-68-26 | | 
9-10-27 | 4°000 | 
1-12-28 1.°/25 | 1°375 | 


Fic. 1. 


Two suitable and representative steels were to be selected, 
composition to be carefully checked and suitable test pieces 
to be prepared. These were to be carefully heat-treated, care 


Th'ds per inch 


Tést Piece No. i 
29-35 | 1.°125 
13- 14-30-36 | 1.°250 
16-31-37 | 4°375 
17- 18-32-38 | 1."500 
19- 20-33-39 | 4°625 
2/- 22-34-40 | 1.°750 


Pea... 2. 


being exercised to keep all conditions constant, so that the 
variation in the size of the test pieces would be the only variable. 
After treatment the pieces were to be carefully tested in tension 
and studied microscopically with the hope of drawing some 
valuable information from the data obtained. ~ 


| 
| 
| 
| 
| 
~ 
— 
i 
i | 
| | 
q 
\ 
| 
ia 
ode 
as 


NEAD ON HEAT TREATMENT OF STEEL. 


Selection and Analysis of Stock—It was decided to carry 
out these investigations with the following two steels: (1) 
a 0.20-per-cent-carbon, 3.5-per-cent-nickel steel, and (2) a 0.40- 
per-cent-carbon, type “D,’’ chrome-vanadium steel. The 
nickel steel was taken from the stock of the H. H. Franklin 
Manufacturing Co. The bars used were all finished hot-rolled 
and annealed. The Brinell hardness number of these original 
nickel-steel bars was about 160. 

The chrome-vanadium steel was most kindly furnished 
free of charge for this purpose by the Halcomb Steel Co. It 
was all electric-furnace steel, furnished in two sizes, 1 in. round 
and 2} in. round, and finished hot-rolled and annealed. 

Of the nickel-steel series, test pieces Nos. 23 to 28, inclu- 
sive, were made from two bars 2,5 in. round, which analyzed 


as follows: 
Carbon, Manganese, Nickel, 
per cent. per cent. per cent. 
0.224 0.737 (within specification 
SS Sars 0.218 0.745 3.25 to 3.75). 


Test pieces Nos. 29 to 34, inclusive, were made from two bars 
2? in. round, which analyzed as follows: 


Carbon, Manganese, Nickel, 

per cent. per cent. per cent. 
0.22 Not determined. Not determined. 


Test pieces Nos. 35 to 40, inclusive, were made from one bar 
2? in. round, which analyzed as follows: 


Silicon 


Subsequent analysis of test pieces Nos. 28 and 29 made after 
the pieces had been tested gave the following results: 
Test Piece No. 28. Test Piece No. 29. 


0.23 per cent 0.23 per cent 
0.032 “ 0.011 “ 
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TABLE I.—RESULTS OF PHYSICAL TES 


| | Unit Stress, Reduc-| Elon-| Har 
in. ured Ib. per sq. in. den ef| gation) Nex 

Mark Elon | 
| Orig. | After indin..| Fisstic | MATE | Bostic | | cent. | cent. | Out- 
inal, | Break. Limit. |gtrength.| Limit. |gtrength. side, 


1 | V-1 0.500 | 0.420/ 0.18 | 43000 51500 | 219000 262000 | 29.4 


2 | V-2 0.500 | 0.408| 0.20 | 43000 50 670 219000 | 258000 | 33.4 5.0 | 477 

3 | V-3 0.625|0.531| 0.17 | 68000 78400 | 221500 | 255000 | 27.8 | 4.25 477 
| 

4 | V-4 0.625 | 0.532| 0.20 | 65000 79500 | 212000 | 259000 | 27.5 5.00) 511 


5 | V-5 | 0.750/0.638| 0.19 | 93000 | 114200 | 210000 | 258500 | 27.6| 4.75) 514 
6| V-6 | 0.750/0.642| 0.11 | 94000 | 114000 | 212800 | 258000 | 26.8| 2.75) 514 

7| V-7 0.875/0.746| 0.08 | 122000 | 149200 | 203000 | 248000 | 27.3 | 2.00) 483 

8 | V-8 | 0.875/0.706| 0.22 | 119000 | 140000 | 198000 | 233000 | 34.9| 5.5 | 450 
V-9 | 1.000/0.817| 0.20 | 1658002 172000 | 2110008 | 219000 | 33.2| 5.0 439 
10 | V-10 | 1.000 | 0.826| 0.11 | 1658002 | 172000 | 2110002 | 219000 | 31.8 | 2.75) 509 
11 | V-11 | 1.125|0.889| 0.34 | 171000 | 138200 | 1720002 | 189500 | 37.6 | 8.2 | 388 
12 | V-12 | 1.125| 0.914) 0.30 | 173.000 | 201500 | 1740002 | 203000 | 34.0| 7.5 | 415 
13 | V-1-T | 1.250/1.000/ 0.41 | Not | 237200] ........ 193 300 | 36.0 | 10.25) 413 

Recorded 

14 | V-2-T | 1.250 1.070| 0.18 | 180000 | 238400 | 147000 | 194300 | 26.75, 4.5 | 420 
15 | V-3-T | 1.375) 1.100| 0.40 | 187500 | 261000 | 126300 176000 | 35.8 | 10.0 | 376 
16 | VA-T | 1.375|1.120| 0.45 | 195000 | 265700 | 131500 | 179000 | 33.6 | 11.25) 360 


17 | V-5-T | 1.500 | 1.260} 0.52 | 232500 | 309400 | 131500 | 175000 | 29.5 | 13.0 | 364 


18 | V-6-T | 1.500) 1.220] 0.50 | 245000 | 311700 | 138600 | 176200 | 33.9 | 12.5 | 369 
19 | V-7-T | 1.625 | 1.330| 0.57 | 260000 | 363.600 | 125400 | 175200 | 33.0 | 14.25) 376 


20 | V-8-T | 1.625 / 1.290] 0.51 | 275000 | 375900 | 132500 | 181300 | 37.0 | 12.75| 394 


21 V-9-T | 1.750} 1.400] 0.72 | 305000 | 412200 | 126800 | 171400 | 36.0 | 18.0 | 353 


22 | V-10-T | 1.750 | 1.480| 0.53 | 300000 | 427300 | 125000 | 177700 | 28.5 | 13.25| 378 


@ These values are for the yield point. 


TABLE II.—RESULTs OF PHY: 


Unit Stress, Bi 
Ib. | Ha 
in. tionof| gation} Nu 

Area, |in4in.,)__ 
Orig- | After |'"jn"”| Elastic | num | Elastic Maxi- | cont. | cent. | Out 
| inal. |Break. Limit. |gtrength.| Limit. strength. side. 


13 | V-1-T |1.250/1.000! 0.41! Not |237200|........ | 193200 | 36.0 | 19 9 
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ICAL TESTS; CHROME-VANADIUM-STEEL SERIES. 
Brinell 
lon- — 
ation: umber. | Place 
4in.,| Description of Fracture. ae et Remarks. 
per 
ent. | Out- | Cen- 
side, | ter. 
4.5 | 495 | 477 | Fine grained, uniform, nearly complete cup | Haleomb Steel Co. | 
and cone fracture. 100000-Ib. Olsen. - 
5.0 | 477 | 477 ined, uniform, nearly complete cup 
cone fracture. 
4.25) 477 | 444 aay es, rough, irregular cup and | Wyman & Gordon Co. | 
cone fracture. . Olsen. 
5.00) 511 | 450 | Medium rough, nearly complete - 
cup 
4.75, 514 | 477 | Slightly coarse grained, rough, part cup and os 
cone fracture. 
2.75) 514 | 444 rough, part cup and Elongation inaccurate, 
cone frac Broke at gage mark. 
2.00} 483 | 444 Mellen grained, complete cup and cone | | 
racture. 
5.5 | 450 | 415 | Medium grained, rough, part cup and cone “4 
fracture. 
5.0 | 489 | 415 | Medium grained, rough, and cone | Worcester Polytechnic - 
fracture. 400 000-Ib. 
2.75| 509 432 | Medium oui, rough, complete cup and as Elongation inaccurate, 
cone fracture. Broke near gage mark 
8.2 | 388 | 344 | Slightly coarse grained, rough, irregular cup ™ 
and cone fracture. 
7.5 | 415 | 353 | Medium grained, a little fiery, part cup and ue 
| cone fracture. 
| 
10.25! 413 | 320 | Quite coarse grained, rough, part cup and | Watertown 
cone fracture. 800 000-Ib. Emery. 
4.5 | 420 | 333 | Quite coarse grained, even, part cup and . Elongation inaccurate, 
cone fracture. | Broke at gage mark, 
10.0 | 376 | 331 | Quite coarse grained, looks slightly spongy - 
in center, complete cup and cone fracture. 
11.25; 360 | 325 | Quite coarse grained, looks slightly spongy “ 
in center, complete cup and cone fracture. 
13.0 | 364 | 340 | Quite coarse Loy complete 
cup and cone f: 
12.5 | 369 | 342 | Quite coarse grained, complete cup and cone - 
fracture. 
14.25) 376 | 331 | Quite coarse grained, irregular cup and cone * 
fracture. 
12.75) 394 | 351 | Quite coarse grained, looks slightly spongy a4 
in center, irregular cup and cone fracture. 
18.0 | 353 | 333 | Quite coarse grained, looks slightly spongy - 
in center, part cup and cone fracture. 
13.25| 378 | 333 | Quite coarse grained, irregular cup and cone ” 
fracture. 
OF PuysicaL Tests; NICKEL-STEEL SERIES. 
Brinell 
Elon-| Hardness | 
gation) Number. Place and Method 
n4in., of Testing. 


side, 


per 
cent. | Out- | Cen- 
ter. 
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13 | V-1-T | 1.250/1.000| 0.41 237200 | ........ 193 300 | 36.0 | 10.25 
14 | V-2-T | 1.250/1.070| 0.18 | 180000 | 238400 | 147000 | 194300 | 26.75, 4.5 
15 | V-3-T- | 1.375] 1.100| 0.40 | 187500 | 261000 | 126300 | 176000} 35.8 | 10.0 
16 | VA4-T | 1.375|1.120| 0.45 | 195000 | 265700 | 131500 | 179000 | 33.6 | 11.25 
17 | V-5-T | 1.500| 1.260) 0.52 | 232500 | 309400 131500 | 175000 | 29.5 | 13.0 
18 | V-6-T | 1.500} 1.220/ 0.50 | 245000 | 311700 | 138600 | 176200) 33.9 | 12.5 
19 | V-7-T | 1.625 | 1.330] 0.57 | 260000 | 363 660 | 125400 | 175 200) 33.0 | 14.25 
20 | V-8-T 1.625] 1.290] 0.51 | 275000 | 375900 | 132500 | 181300 | 37.0 | 12.75 
21 | V-9-T | 1.750/1.400| 0.72 | 305000 | 412200 | 126800 | 171400 | 36.0 | 18.0 
22 | V-10-T | 1.750} 1.480| 0.53 | 300000 | 427300 | 125000 | 177700 | 28.5 | 13.25 
These values are for the yield point. 
TABLE II.—RESULTS OF |] 
Load, Ib, | Ib is. Redue-| Blon- 
23 | N-1 | 0.500|0.373| 0.28 23 00000) 41 100 | 117.000(?)| 209 500 7.0 
24 | N-2 | 0.625/0.483| 0.31 | 39050(?)} 63250 | 127000(?)| 206000 | 40.25| 7.75 
25 | N-3 | 0.750} 0.596] 0.30 | 70000(?)| 88600 | 158500(?)| 200500 | 36.8 | 7.50 
26 | N-4 =| 0.875/0.717| 0.31 | 92000(?)| 111200 | 153 000(?)| 185000 | 32.8 | 7.75 
27| N-5 1.000/ 0.820] 0.34 | 94000(?)| 140000 | 119500(?)| 178000 | 32.8 | 8.50 
N-6 1.125 0.952] 0.32 | 107500 | 156800 | 108200 | 157800 | 28.4 | 8.0 
29 | N-1-T | 1.125| 0.830] 0.82 | 42500 | 112000| 42750 | 112700 | 45.6 | 20.5 
30 | N-2-T | 1.248/0.920| 0.87 | 70000 | 136600| 57200 | 111700 | 45.7 | 21.75 
$1 | N-3-T | 1.370}1.000| 1.03 | 82500 | 157500 | 56000 | 106800 | 45.7 | 25.75 
$2 | N-4-T | 1.490/1.080| 1.03 | 110000 | 186100} 63000 | 106700] 47.5 | 25.75 
N-5-T 1.028 1.180] 1.07 | 123500 | 217200} 59700 | 105000 | 47.1 | 26.75 
N-6-T | 1.711/| 1.240] 1.07 | 150000 | 249600| 65200 | 108500 | 47.5 26.75 
35 | 1.125/0.830) 0.81 | 45000 | 105900| 45300 | 106500 | 45.6 | 20.2 
36 | 36 | 1.250/0.890| 0.95 | 55000 | 128100} 44800 104500 | 49.3 | 23.7 
87 | 37 /|1.375/0.940/ 0.99 | 76000 | 152400| 51200 | 102700 | 53.2 | 24.7 
38 | 38 |1.500/1.040| 1.05 | 87500 | 189800} 49500 | 107400 | 52.0 | 26.2 
39} 39 | 1.625/1.34 | 0.76 | 100000 | 206700) 48300 | 99700} 32.0 | 19.0 
40; 4) “1.750 1.40 | 1.05 | 122550 | 238300| 50900 | 99100| 34.8 | 26.2 
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.0 | 10.25) 413 | 320 Quite coarse grained, rough, part cup and | Watertown Arsenal 
cone fracture. 000-Ib. 
).75, 4.5 | 420 | 333 | Quite coarse ev! and | a Elongation inaccurate, 
cone | Broke at gage mark, 
8 | 10.0 | 376 | 331 | Quite coarse grained, looks slightly spongy c 
in center, complete cup and cone 
}.6 | 11.25) 360 | 325 | Quite coarse grained, looks slightly spongy E 
in center, complete cup and cone fracture. 
| 13.0 | 364 | 340 Quite conrse grained, ped. fery, complete 
cup and cone f. 
}.9 | 12.5 | 369 | 342 | Quite coarse grained, complete cup and cone i 
fracture. 
}.0 | 14.25) 376 | 331 | Quite coarse grained, irregular cup and cone *. 
fracture. 
'.0 | 12.75) 394 | 351 | Quite coarse grained, looks slightly spongy " 
in center, i cup and cone fracture. 
| 18.0 | 353 | 333 | Quite coarse grained, looks slightly spongy 
in center, part cup and cone fracture. 
3.5 | 13.25] 378 | 338 irregular cup and cone 
fracture. 
LTS OF PuysicaL Tests; NICKEL-STEEL SERIES. 
Beinell | 
nof} gation umber, Place 
ea, |in4in., | Description of Fracture. Remarks, 
er | per 
nt. | cent. | Out- | Cen- 
side. | ter. 
1.3 | 7.0} 394 | 418 | Sligh grained, looking, | Haleomb Steel Co. | Elongation inaccurate. 
Eaten. cup and cone hose 100 000-Ib. Olsen. Broke near gage mark. 
).25) 7.75| 394 | 415 | Slightly coarse grained, spongy looking, ™ Rather poor strese- 
on Boag cup and cone fracture. strain curve. 
}.8 | 7.50) 410 | 369 | Slightly coarse grained, spongy looking, | W: & Gordon Co. | Very poor stress-strain 
part cup and cone fracture. 000-Ib. Olsen. curve. 
1.8 | 7.75) 410 | 344 | Slightly coarse grained, slightly fiery, spongy, te Very poor stress-strain 
irregular cup and cone fracture. curve. 
».8 | 8.50} 385 | 312 | Slightly coarse grained, spongy, slightly fiery, S Rather poor stresc- 
irregular cup and cone fracture. curve. 
3.4 | 8.0 | 406 | 275 | Slightly coarse grained, fiery, slightly spongy, 9 Very poor stress-strain 
part cup and cone fracture. curve. _— near 
gage mar! 
}.6 | 20.5 | 241 | 242 ite coarse grained, fiery, slightly spongy, | Watertown 
o~, cup and cone fracture. 800 000-Ib. Emery. 
).7 | 21.75) 237 | 248 | Quite coarse grained, entirely spongy, part . 
cup and cone fracture. 
).7 | 25.75) 239 | 242 | Very coarse grained, entirely spongy, part - 
cup and cone fracture. 
7.5 | 25.75) 241 | 241 | Quite coarse grained, entirely spongy, nearly ¥ 
complete cup and cone fracture. 
7.1 | 26.75} 228 | 228 | Quite coarse grained, entirely spongy, nearly ? 
complete, cup and cone fracture. 
7.5 | 26.75; 248 | 228 | Quite coarse grained, entirely spongy, nearly # 
complete cup and cone fracture. 
5.6 | 20.2 | 248 | 255 | Slightly coarse grained, tough, part cup * 
and cone, ar fracture. 
9.3 | 23.7 | 241 | 228 | Slightly coarse grained, Mo. 35, 
part cup and cone, irregular fracture 
3.2 | 24.7 | 228 | 228 | Slightly coarse grained, X 4 complete * 
cup and cone, irregular frac’ 
2.0 | 26.2 | 262 | 235 | Slightly coarse grained, nearly complete cup s 
and cone, irregular fracture. 
2.0 | 19.0 | 228 | 269 | Very uncommon fracture, entire surface - 
Toslpdiened, very irregular cup and cone. 
1.8 | 26.2 | 248 | 248 | Exactly like No. 39. a 
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These test pieces were of the same diameter on the pulling 
section, namely, 1} in., though No. 28 was made as shown m 
Fig. 1 and No. 29 was made as in Fig. 2. They both received 
the same heat treatment but gave quite different physical 
results, which may be seen in Table II (Plate XII). 

The bars for the chrome-vanadium pieces were all rolled 
from billets from the same heat of electric-furnace steel. The 
bars furnished were 17 in. round and 2] in. round, with which 
the following analyses were supplied: 


1}]-1n. Rp. Bars. 2}-1n. Rp. Bars. 


0.42 per cent 0.43 per cent 
0.015 “ 0.015 “ 


Subsequent analysis of test pieces Nos. 12 and 13 made after 
the pieces had been tested showed the following results: 


Test Piece No. 12. Test Piece No. 13. 


0.43 per cent 0.42 per cent 
0.019 “ 6.022. 
0.004 “ 0.003 “ 


Test piece No. 12 was made from a 1{-in. round bar and test 
piece No. 13 was made from a 2§-in. round bar. 

Machining of Test Pieces.—In both the nickel-steel and the 
chrome-vanadium-steel series certain of the pieces were machined 
up to be pulled in friction grips, and the remainder of each 
series was prepared with threaded ends to fit specially prepared 
holders which were made for the 800,000-lb. hydraulic Emery 
testing machine of the Watertown Arsenal. The pieces for 
friction grips were made up as shown in Fig. 1. The pieces 
with threaded ends were made up as shown in Fig. 2. 

All test pieces were made up with 0.040 in. left over the 
finishing size on the pulling section. They were then ground 
accurately to size after heat treating. 
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Heat Treatment.—When machined, the test pieces were 
very carefully heat-treated. The heating was done in a gas- 
fired open-muffle furnace with combustion chamber under the 
floor. The furnace was a No. 5 oven furnace of the American 
Gas Furnace Co. Temperatures were indicated by a carefully 
calibrated Le Chatelier type of platinum - platinum-rhodium 
thermo-couple with a constant cold junction temperature. A 
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Elongation, in. 


Fic. 3.—Autographic Load-Deformation Curves; 
Chrome-Vanadium-Steel Series. 


fairly uniform temperature was maintained throughout the 
heating chamber. The fire end of the couple, which was pro- 
tected by a porcelain protection tube, was located very close 
to the pieces being treated, so that the temperature of the hot 
end of the couple was undoubtedly the same as the temperature 
of the work. The test pieces were treated in the furnace two 
to six at a time depending upon the size, and located close under 
the thermo-couple end. 
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The treatments given were as follows: 

For the nickel-steel series, heated to 1550° F. and quenched 
in oil—not drawn. 

For the chrome-vanadium-steel series, heated to 1650° F., 
quenched in oil, and drawn for 60 minutes at 500° F. 

The pieces were put into the furnace when it was about 
150° F. below the desired quenching temperature and brought 
up to heat slowly with the furnace. The pieces were held at the 
quenching temperature for 20 to 30 minutes. They were then 
carefully quenched vertically one at a time in raw linseed oil. 
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Fig. 5.—Load-Deformation Curves Plotted from Data; 
Nickel-Steel Series. 


The nickel-steel series were then simply washed in hot 
soda water and sand-blasted. 

The chrome-vanadium-steel series were heated in a hot oil 
bath for a period of 60 minutes at a temperature of 500° F. The 
pieces were held away from the sides and bottom of the bath 
to prevent overheating. The object of this drawing operation 
was to give the pieces ‘sufficient ductility so that they would 
not break short in testing. 
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When drawn the pieces were cleaned and sand-blasted. 

Grinding.—After heat treatment the pieces were finish- 
ground to size. 

Testing.—The testing of these pieces was done as shown 
in Tables I and II (Plate XII). 

All pieces pulled with friction grips (Fig. 1) were tested 
on Olsen universal testing machines of 100,000, 200,000, and 
400,000-lb. capacity; autographic stress-strain curves being 
taken on all but the four (Nos. 9, 10, 11, 12) which were pulled 
at the Worcester Polytechnic Institute. In some cases the 
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Fig. 6.—Load-Deflection Curves Plotted from Data; 
Duplicate of Nickel-Steel Series. 


curves obtained were not very satisfactory, as is hereinafter 
noted. 

The threaded test pieces (Fig. 2) were all tested at the 
Watertown Arsenal, on the 800,000-Ib. Emery testing machine. 
The method of testing was to apply the load in increments of 
10,000 lb., measuring the extension due to each new application 
of load by means of an electrical contact micrometer extenso- 
meter. Stress-strain curves were then drawn up from these 
figures. 
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In Figs. 3 to 6, inclusive, are reproduced the stress-strain 
or load-deformation curves for all the pieces tested in this investi- 


TasLe III.—Brine_t Harpness Tests. 


1; 1; 
Outside. Center. from | 4 in. from 
Center. Edge. 


Test Piece Mark. 


CHROME- 
VANADIUM- 
STEEL SERIES. 
V-3 2.80 477 2.90 444 
Bis V-5 2.70 514 | 2.80 477 
V-6 2.70 514 2.90 444 
2.78 483 2.90 444 mrs kas | 
8.. V-8 2.88 450 3.00 415 
10.. V-10 2.72 509 2.94 432 
ae... V-11 3.10 388 3.29 344 
V-i2 3.00 415 3.25 353 
13.. \V-1-T 3.01 413 3.41 320 3.32 338 cane 
14.. V-2-T 2.98 420 3.32 338 3.12 385 mata 
15.. V-3-T 3.15 376 3.35 331 3.33 335 ens 
16.. V-4-T 3.22 360 3.38 325 3.32 338 vies 
i: V-5-T 3.20 364 3.31 340 3.30 342 3.30 342 
18.. V-6-T 3.18 369 3.30 342 3.28 346 3.23 356 
i... V-7-T 3.15 376 | 3.35 331 3.30 342 3.40 322 ‘ 
- 2 aes V-8-T 3.08 394 3.26 351 3.31 340 3.30 342 
| Re ee V-9-T 3.25 353 | 3.34 333 | 3.30 342 3.30 342 
V-10-T 3.14 378 | 3.32 338 | 3.40 22 3.36 330 
NICKEL-STEEL 
SERIES. ° | | 
N-1 3.08 394 2.99 eas 
24. N-2 3.08 394 | 3.00 415 
27. N-5 3.12 385 | 3.45 312 “ed ws | ane 
N-6 3.03 406 | 3.66 275 
29. N-1-T 3.90 241 3.88 242 3.90 241 cars ae 
30. N-2-T 3.93 237 3.84 248 3.86 a ee pare 
N-3-T 3.91 239 | 3.88 242 3.90 241 
a 2 N-4-T 3.90 241 | 3.90 241 3.87 244 4.06 222 
43... N-5-T 4.00 228 4.00 228 3.99 229 4.12 215 
34.. N-6-T 3.84 248 4.00 228 3.90 241 4.10 217 
35. 35 3.85 248 | 3.80 255 4.15 212 4.25 202 
ere 36 3.99 241 | 4.00 228 4.00 228 4.25 202 
37 4.00 228 | 4.00 228 4.09 228 4.15 212 
38.. 38 3.75 262 | 3.95 235 4.05 223 4.20 207 
- eee eee 39 4.00 228 3.70 269 | 4.05 223 4.15 212 
ee 40 3.85 248 3.85 | 248 4.10 217 4.15 212 


gation except for test pieces Nos. 9 to 12 and 23 to 28, inclusive. 
Pieces Nos. 9 to 12 were tested on a 400,000-lb. machine which 
was not equipped to take autographic curves; hence these 
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cannot be given. In the column of Table I headed “Elastic 
Limit,” the value for the yield point of Nos. 9, 10, 11, and 12 
is given, rather than the proportionality limit which is given 
in the other cases. This yield point was measured by the “drop 
of the beam” of the testing machine. 

The curves for test pieces Nos. 23 to 28 are not given, 
as these curves were not satisfactory, due to a defect in the 
autographic extensometer mechanism at the time they were 
taken. The values given in the column “Elastic Limit” in 
Table II for these pieces Nos. 23 to 28 were taken from the 
curves obtained. They are not reliable, however, as the curves 
themselves are not reliable. 

The curves shown in Fig. 3 are reproduced from the auto- 
graphic curves obtained at the time of testing these pieces. 
The curves of Figs. 4 to 6, inclusive, are drawn up from the 
data taken at the time of testing these pieces. On all these 
curves we have attempted to show the point of true elastic 
limit; that is, the point where the proportionality of stress to 
strain ceases to be rectilinear, and this is the point we have 
given in Tables I and II as the elastic limit. 

After the tension tests were completed the broken pieces 
were cut up so that Brinell hardness tests could be made across 
the section. (See Table III.) 

Also, sections entirely across the diameter of the tested pieces 
were prepared for microscopic examination. (See microphoto- 
graphs, Figs. 11 to 28, Plates XIII, XIV and XV, and notes of 
visual examination in the appendix to this paper.) All micro- 
sections and Brinell hardness tests were made on an unstrained 
portion of the pulling section. 

Consideration of Resulits—The results of the tension tests, 
Brinell hardness numbers for the outside and the center of 
the pieces, and the descriptions of the fractures are embodied 
in Tables I and II. Table I gives the results from the chrome- 
vanadium series and Table II gives the results from the nickel- 
steel series. Table III gives Brinell hardness numbers for both 
series of steels taken across the pulling section and on the side 
of the piece. All Brinell tests were made on an Alpha machine. 

An examination of Table I will reveal at a glance that 
there is a falling off in maximum strength of about 85,000 
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Ib. per sq. in. from the } to the 1}-in. test pieces. This is a 
decrease of from 260,000 to 174,000 lb. per sq. in. or about 
33 per cent. There is an even greater falling off in the elastic 
limit from the smallest to the largest sizes. Here the decrease 
is from 219,000 to 126,000 Ib. per sq. in., or 42.5 per cent. 
The decrease in tensile strength and elastic limit with 
increase in size of the test piece is best shown graphically. (See 
curves, Fig. 7.) The dotted curves are drawn between the 
actual points obtainec -vhile the full line curves are idealized. 


i | 
True Curve ------- 


Ideal Curve 
250 000 | Points of Curve are Averages 
\ | of Duplicate Tests. 
ww Curve A= Max. Strength. 
Curve B= Elastic or is, 
Proportionality Limit 
! 


per sqin 


200 000 t 


150 000 \ 


Unit Stress, |b 


100 000 7 1 i 


Diameter of Test Specimen,in. 


Fic. 7.—Size-Strength Curves, showing the Decrease in Strength 
with Increase in Size of Hardened Section; Chrome- 
Vanadium-Steel Series. 


The percentage valuations given in Table IV are inter- 
esting. They show percentage changes in maximum strength 
and elastic limit from the values for the 3-in. test pieces. These 
tables are figured from the values in pounds per square inch 
obtained by test. 

The reduction of area increases slightly from the smaller 
to the laryer sizes, being about 28 per cent for the smaller and 
about 35 per cent for the larger. 

The percentage elongation in 4 in. increases slightly from 
the smaller to the larger sizes, being about 4 per cent for the 
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smaller and about 15 per cent for the larger. In some cases, 
for instance, test pieces Nos. 6 and 7 (see Table I), percentage 
elongations of only 2 or 3 per cent were obtained. This was 
because the pieces broke near the end and did not allow the 
normal elongation to take place. 

Still referring to Table I, the Brinell hardness numbers 
are fairly comparable with the values of tensile strength obtained. 


TABLE IV.—PERCENTAGE VALUATIONS. 


PERCENTAGE OF 


DIAMETER, IN. Baik. DECREASE OF MAXI 
SPECIMEN. 

PERCENTAGE OF PERCENTAGE 
DIAMETER, IN. ELASTIC LIMIT OF DECREASE OF 
3-IN. SPECIMEN. ELASTIC LIMIT. 


By referring to the hardness tests made on the outside of the 
pieces, it is seen that they range from 475 to 510 for the smaller 
pieces, and for the larger sizes from 355 to 375. The Brinell 
numbers obtained by making the tests in the centers of the 
cross-sections of the pieces are uniformly slightly lower than 
those obtained from tests made on the outside. The fractures 
throughout the series of the chrome-vanadium test pieces were 
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similar in character. A good idea of the appearance of these 
fractures and of the test pieces themselves can be obtained from 
Fig. 9, in which are shown the broken test pieces of the chrome- 
vanadium series. 

An examination of Table II, which records the results of 
the tests on the nickel-steel series, will show results which are 
not as consistent as those of Table I. Considering the first 
six test pieces, namely, Nos. 23 to 28, the figures for maximum 
strength are quite consistent and comparable with those shown 
in Table I. The results are shown graphically in Fig. 8, 


A True Curves -------- 
[deal Curves 
200 000 CurveA,= Max. Strerngth{ Test Pieces Nos.23-28) 
» Anz » ” Nos. 29-34) 
» Az= » » » Nos.35-40) 
» B,=Elasticlimit(  Nos.23-28) 
» » Nos.29-34) 
Elastic Limit Curves not reliable. 
& 150000 
\ 
a Ae2 
+ 100000 
2 
2 
50 000 7 1 


Diameter of Test Specimen,in. 


Fic. 8.—Size-Strength Curves; Nickel-Steel Series. 


curve A;. These test pieces varied in size from } to 1} in. 
in diameter. They were not tested in duplicate and were 
pulled with friction grips. Test pieces Nos. 29 to 34 and 35 
to 40 were really duplicate sets; that is, Nos. 29 and 35 were 
the same size, Nos. 30 and 36 were the same size, etc. These 
two sets varied slightly, however, in analysis. The curious part 
about these pieces is that they did not seem to harden, although 
they received the same heat treatment as the smaller pieces 
of this nickel-steel series. Microscopic examination revealed 
the fact that these pieces were not hardened. (Compare the 
descriptions of the visual examinations, of specimens Nos. 8 
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and 9, appended hereto.) These pieces were both of the same 
diameter on the pulling section, No. 8 however being from test 
piece No. 28 and No. 9 being from test piece No. 29. Test 
piece No. 28 was made as indicated in Fig. 1; No. 29 was 
made as indicated in Fig. 2. The microphotographs of these 
two pieces show the difference of the two structures. (See Figs. 
18 and 19, Plate XIV.) 

In considering again test pieces Nos. 23 to 28, the elastic- 
limit values are not reliable, especially for Nos. 23 and 24. 
Reduction-of-area percentages for test pieces Nos, 23 to 28 show 
a consistent decrease with increase of size of the test piece, 
while the percentage elongation in four inches and Brinell hard- 
ness numbers remain practically constant. 

In Fig. 10 are shown very well the broken test pieces 
from the nickel-steel series and the character of fractures 
obtained. 

In explaining the disparity between the nickel-steel series 
and the chrome-vanadium series the most probable reason seems 
to be the low carbon content of the nickel steel, with the resultant 
depreciated tendency to harden when quenched. The large 
amount of heat stored in the large threaded ends of these test 
pieces would accentuate this effect. 

The author desires to acknowledge his indebtedness to the 
H. H. Franklin Manufacturing Co., whose liberal policy of 
fostering research work has made the completion of this work 
possible. Also he desires to thank the Halcomb Steel Co. for 
so kindly supplying the chrome-vanadium steel used, and their 
metallurgist, Mr. H. J. Stagg, Jr., for many helpful suggestions. 
He further desires to thank the Wyman and Gordon Co. for so 
kindly permitting the use of their testing machine, and Mr. George 
MacFarland of that company for his assistance. He wishes to 
express his deep appreciation of the assistance and coopera- 
tion lent in carrying out this work by Mr. F. B. Lounsberry, 
assistant metallurgist of the H. H. Franklin Manufacturing Co.., 
especially for his careful work in the preparation of the micro- 
scopic work of this paper. 


[For discussion. of this paper, see pp. 525-549.—Eb.] 
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APPENDIX. 


MICRO-VISUAL EXAMINATION OF SECTIONS 


The etching of all specimens was done in a 5-per-cent alcoholic nitric 
acid solution and was intended to bring out the best structure of the specimen. 
The microphotographs are shown in Figs. 11 to 28, inclusive, Plates XII to 
XV. 

CHROME-VANADIUM STEEL SERIES. 
SPECIMEN No. 1; Test Piece No. 1; } IN. DIAMETER. 
(Figs. 11 and 23.) 

This specimen is 0.50-per-cent-carbon chrome-vanadium steel. Heated 
to 1650° F. and quenched in oil; drawn at 500° F. for 60 minutes. 

Magnification 90 diameters——The specimen shows a uniform, hardened 
structure. There are bluish etching spots over the surface. 

Magnification 430 diameters.—The hardened structure visible at the lower 
magnification is now broken down into very fine martensite, characteristic 
of chromium steel. This structure is quite uniform over the whole specimen, 
the inside varying very slightly or not at all from the outside. The bluish 
etching spots mentioned before are very slight depressions which had the 
appearance of being small holes. 

Magnification 950 diameters.—At this magnification the martensite is 
broken down slightly and appears somewhat granular, retaining however, 
the characteristics of martensite. This structure as a whole is quite char- 
acteristic of the martensite of chromium steel when hardened in small sections. 


SPECIMEN No. 2; Test PiEcE No. 6; } IN. DIAMETER. 
(Fig. 12.) 

This specimen is 0.50-per-cent-carbon chrome-vanadium steel. Heated 
to 1650° F. and quenched in oil; drawn at 500° F. for 60 minutes. 

Magnification go diameters—The specimen shows a uniform, hardened 
structure over the whole cross-section, and is quite free from the bluish 
etching spots noted in specimen No. 1, 4-in. diameter, except in one spot. 

Magnification 430 diameters—At this magnification, the specimen, 
while it shows a uniform, hardened structure, appears to have more of a 
troosto-martensitic nature than the smaller specimen; that is, it etches slightly 
darker than the }-in. specimen and seems to be tending toward a slightly 
less hardened structure. The martensite, or troosto-martensite, is very finely 
divided and is characteristic of a chromium steel. There are a few small 
spots scattered throughout the structure which etch white. 

Magnification 950 diameters.—At this magnification the structure appears 
quite similar to that of Specimen No. 1. The granular nature of the mar- 
tensite, or troosto-martensite, is quite evident. 
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Specimen No. 3; Test Piece No. 12; 
1} in. Diameter. 
Shows tendency towards troostitic structure and 
coarser crystallization. 


Fic. 16. 


Specimen No. 6; Test Piece No. 22; 
12 in. Diameter. 
Structure similar to that of Fig. 15, but shows larger 
and more numerous white patches. 


ion, X 100. 


Fic. 13. 
j 


Fic. 17. 


Specimen No. 7; Test Piece No. 23; Specimen No, 8; Test Piece No. 28; 
4 in. Diameter. 1} in. Diameter. 
Structure shows very beautiful characteristic Structure is martensite, but not so characteristic 
martensite. as in Fig. 17. 


NICKEL-STEEL SERIES. 


A Specimen No. 9; Test Piece No. 29; Specimen No. 10; Test Piece No. 34; 
1} in. Diameter. 12 in. Diameter. 
Structure very fine ferrite and granular pearlite; Structure similar to that of Fig. 19, somewhat 
scarcely resolvable at this magnification. coarser. 


SERIES. 
Norg.—All specimens etched in 5-per-cent alcoholic nitric acid solution. 


‘ 
Fic. 18, 
~ 
4 
i 
Fic. 19. Fic. 20. 
{ 


PLaTE XIV. 
Proc. Am. Soc. TEST. MATS. 
VoL. Xill. 
NEAD ON HEAT TREATMENT OF STEEL. 


Fic. 21, 
Specimen No, 8; Test Piece No. 28; Specimen No. 11; Original Bar Stock as Rolled 
1} in. Diameter. and Annealed. 
Structure is martensite, but not so characteristic Structure shows characteristic ferrite and lamellar 
as in Fig. 17. pearlite of annealed chrome-vanadium steel. 


SERIES, CHROME-VANADIUM-STEEL SERIES. 


Specimen No. 10; Test Piece No. 34; 
1? in. Diameter. 
Structure similar to that of Fig. 19, somewhat Structure shows characteristic ferrite and lamellar 
coarser. pearlite of annealed nickel steel. 
SERIES. NICKEL-STEEL SERIES, 
etched in 5-per-cent alcoholic nitric acid solution, Magnification, X 100. 
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SPECIMEN No. 3; TrEst PrEcE No. 12; 1} 1n. DIAMETER. 
(Fig. 13.) 

This specimen is 0.50-per-cent-carbon :chrome-vanadium steel. Heated 
to 1650° F. and quenched in oil; drawn at 500° F. for 60 minutes. 

Magnification go diameters.—In general the specimen is darker etching 
than the preceding ones and seems to be losing its martensitic nature and 
becoming more nearly a troositic structure. Scattered throughout the troos- 
itic material is a material which etches white. There are also numerous 
small bluish holes, though not so many as in specimen No. 1. On the 
very outside is a very dark band of troositic material which contains very 
few of the whitish patches which increase toward the center of the specimen. 
In the center of the piece is an area which seems to be more free from the 
whitish patches than the rest of the specimen. 

Magnification 430 diameters——At this magnification the martensitic 
structure is no longer evident, but the specimen consists almost wholly of 
unresolvable troostite interspersed with the above-mentioned whitish patches. 
These whitish patches to all appearances seem to be seat containing small 
granules of pearlite. 

Magnification 950 diameters—At this magnification the structure seems 
to consist almost wholly of unresolvable troostite with white patches of what 
seems to be ferrite. The troostite structure seems to be quite granular in 
its nature. The needle-like nature of martensite has been entirely lost. 


SPECIMEN No. 4; Test PiEcE No. 13; 14 1n. DIAMETER. 
(Fig. 14.) 

This specimen is 0.50-per-cent-carbon chrome-vanadium steel. Heated 
to 1650° F. and quenched in oil; drawn at 500° F. for 60 minutes. 

Magnification go diameters.—The structure of the specimen is in every 
way identical with the previous specimen, except that the dark band around 
the outside noted there is missing. However, the white areas increased from 
the outside to the middle both in number of patches and in size. The struc- 
ture is entirely troostitic throughout, being very fine and unresolvable. There 
are to be seen a few small holes as previously noted. 

Magnification 430 diameters.—The structure at this is 
identical with that of specimen No. 3. 

Magnification 950 diameters—At this magnification the structure is 
identical with that of specimen No. 3. The granular nature of the troostite 
is plainly evident. 


SPECIMEN No. 5; Test PrecE No. 17; 14 1n. DIAMETER. 
(Fig. 15.) 
This specimen is 0.50-per-cent-carbon chrome-vanadium steel. Heated 
to 1650° F. and quenched in oil; drawn at 500° F. for 60 minutes. 
Magnification 90 diameters.—In general the structure of this specimen 
is quite similar to that of the two preceding ones, consisting of dark etching 
troostite and interspersed patches of white etching material, evidently ferrite 
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Around the outer edge of this specimen is a white etching band which might 
seem to indicate slight surface decarburization. Otherwise the whole surface 
of the specimen is very uniform. There are visible a few small holes. 

Magnification 430 and 950 diameters.—These magnifications show prac- 
tically identical structure with those of specimen No. 4. If anything, the 
white material, probably ferrite, is becoming more noticeable. 


SPECIMEN No. 6; TEST PiEcE No. 22; 12 1n. DIAMETER. 
(Figs. 16 and 24.) 

This specimen is 0.50-per-cent-carbon chrome-vanadium steel. Heated 
to 1650° F. and quenched in oil; drawn at 500° F. for 60 minutes. 

Magnification go diameters.—At this magnification the structure of the 
specimen appears very similar to that of specimen No. 5. If anything, the 
whitish patches are larger and more numerous. The white etching band 
around the outside is again present in this specimen. 

Magnification 430 diameters—This magnification shows the whitish 
material to be gathered together in slightly larger patches. The granular 


nature of the troostite is plainly evident. In fact this constituent may almost 
be termed troosto-~earlitic. 


NICKEL STEEL SERIES. 
SPECIMEN No. 7; TEsT PrEcE No. 23; } IN. DIAMETER. 
. (Figs. 17 and 26.) 

This specimen is 0.20-per-cent-carbon, 3.5-per-cent-nickel steel. Heated 
to 1550° F. and quenched in oil; not drawn. - 

Magnification go diameters.—This magnification shows a very beautiful, 
hardened structure over the whole specimen. There are a few small scattered 
holes. There is a slightly darker etching band around the outer edge of the 
material. 

Magnification 430 diameters.—At this magnification the structure is shown 
to be beautiful and characteristic martensite, plainly showing the character- 
istic needle-like structure of this constituent. This martensite is quite char- 
acteristic of nickel steel, being larger grained than that of the chromium 
steels before described. The outer band seems to have lost some of the 
characteristics of martensite and to partake of a troosto-martensitic character. 

Magnification 950 diameters—At this magnification the needle-like 
triangular structure of nickel-steel martensite is plainly brought out. At 


this magnification the dark etching band at the outside is shown to be pure 
martensite. 


SPECIMEN No. 8; Test PrEcE No. 28; 1} 1n. DIAMETER. 
(Fig. 18.) 
This specimen is 0.20-per-cent-carbon, 3.5-per-cent-nickel steel. Heated 
to 1550° F. and quenched in oil; not drawn. 


Magnification 90 diameters.—The specimen shows a martensitic structure 
which varies considerably from the outside to the middle. On the outside 
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is a thin skin which indicates decarburization. Inside of this is a dark band 
in which the white areas are less numerous. Proceeding toward the center 
the white areas become more and more numerous. Throughout the section 
are to be seen small holes. 

Magnification 430 diameters——This magnification shows a well-defined 
martensitic structure which varies slightly from the outside to the center. 

Magnification 950 diameters.—This magnification shows a well-developed 
martensitic structure which varies but slightly from outside to center. 


SPECIMEN No. 9; Test PrEcE No. 29; 1} 1n. DIAMETER. 
(Fig. 19.) 

This specimen is 0.20-per-cent-carbon, 3.5-per-cent-nickel steel. Heated 
to 1550° F. and quenched in oil; not drawn. 

Magnification go diameters.—At this magnification the structure is un- 
resolvable. It does not seem to be hardened. It is very finely crystalline 
The extreme outer edge seems to etch a little bit lighter than the rest of the 
specimen. Otherwise the structure is very uniform over the whole section. 

Magnification 430 diameters—At this magnification it is plainly seen 
that the structure is not all hardened, but consists of very fine grains of 
ferrite and what seems to be granular pearlite. The granular pearlite exists 
in small patches and outlines the ferrite grains. Toward the outer edge, the 
granular pearlite seems to be in much greater abundance and tends towards 
a pearlite-troostite structure. There seems to have been a slight decarbu- 
rization around the extreme edge. 

Magnification 950 diameters.—At this magnification the structure consists 
very plainly of ferrite grains outlined by granular pearlite, the granular pearlite 
also existing in small isolated patches. Along the outer edge of the piece 
the granular pearlite seems to be in greater abundance. 


SPECIMEN No. 10; Test Piece No. 34; 12 1n. DIAMETER. 
(Figs. 20 and 27.) 

This specimen is 0.20-per-cent-carbon, 3.5-per-cent-nickel steel. Heated 
to 1550° F. and quenched in oil; not drawn. 

Magnification go diameters.—At this magnification the structure is evi- 
dently not hardened and is very similar to that of specimen No. 9. The 
outer edge etches darker and seems to be somewhat more hardened. The 
specimen contains a good many small holes. 

Magnification 430 diameters.—The structure at this magnification is 
very similar to that of the specimen No. 9, and consists of ferrite and what 
seems to be granular pearlite. The structure is very finely crystalline. 

Magnification 950 diameters—At this magnification the structure is 
very evidently ferrite and granular pearlite. The granular pearlite seems 
to be scattered somewhat more than in the preceding specimen and the 
ferrite grains seem to be somewhat smaller. 


‘NoTtE.—The bluish etching depressions or holes noted throughout this 
examination are not to be taken as evidences of non-homogeneity of the steel. 
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INFLUENCE OF MASS IN THE HEAT TREATMENT 
OF STEEL. 


By K. W. ZIMMERSCHIED. 


' It is a matter of common knowledge that mass exercises 
considerable influence upon the properties of a piece of steel 
undergoing heat treatment, but concrete published data on this 
subject are very meager. 

During the course of an investigation for other purposes, 
the opportunity of conducting a few experiments on this point 
offered itself, and the results are reported herein, since they 
exhibit very interesting and instructive phenomena. The scope 
of the work is narrowly defined, but the results are so promising 
that a considerably fuller program of experiments has been out- 
lined for future development of the subject; the results of these 
experiments we hope will be valuable enough to report in full. 

The material employed was of the “ Mayari” or “Y” type, 
with low-nickel and chromium content; the analysis was as 
follows: 


0.37 per cent 
0.010 
0.58 


Test bars were machined from the original 1}-in. rounds, 
as shown in Fig. 1. To take care of warpage and surface decar- 
bonization during heat treatment, 0.040 in. was left on the 
diameter of the sections X and Z, to be ground off before pull- 
ing in the tensile machine. In order to have the heat treatment 
on sections X and Y the same, the latter was also turned to 
1.169 in. in diameter, so that the physical properties of the steel 
throughout section X as a whole, and of that in the core 
(section Y) might be compared. Two such composite bars, 
marked M32 and T32, were subjected to heat treatment No. 2, 
and two others, marked T33 and T33a, to heat treatment No. 3, 


as shown in Table I. 
(510) 
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After heat treating, each bar was then cut up into sections 
X, Y, and Z, as shown in Fig. 1. Each of these portions was then 
machined into a finished test piece of the diameter indicated in 
Table I, and pulled. Sections Y and Z were machined to the 
standard test piece of the Society of Automobile Engineers. 

Detailed results of the tension tests of each section are 
given in Table I; a summary of the percentage relations of the 
averages, calculated both upon the basis of the lowest and of 
the highest figures obtained, are given in Table II. A considera- 
tion of these tabulations reveals some interesting data: 

1. The results of duplicate tests are quite concordant except 
in the following cases: Tensile strengths on Y3 and Z3; elastic 
limits on Z2 and Z3; reductions of area on Y2, Z2, X3, Y3 and 
Z3; elongations on Y2 and Y3. __ All the averages, however, are 


very consistent.’ 


Fic. 1.—Test Bars. 


2. The lower annealing temperature used in treatment No. 3 
gives, as expected, consistently higher tensile strengths and elastic 
limits, together with lower reductions of area and elongations. 

3. Given the same treatment, the smaller sections Z have 
considerably higher tensile strengths and elastic limits, while 
the reductions of area are not lower, as might be expected, but 
were even slightly higher. This we would explain by the rela- 
tively long period of annealing, 45 minutes, which has sufficed to 
toughen the thinner sections in a considerably greater degree 
than the thicker ones. 

The elongations of sections X, Y, and Z are not strictly com- 
parable, because the ratio between length and diameter was 
almost eight in the first series and four in the other two. This 
discrepancy will be corrected in future work. 

4. The core of a 1}-in. round bar (section Y), after this treat- 
ment, has distinctly better physical properties throughout than 
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TABLE I.—RESULTS OF TENSION TESTS, 
| 
Test Piece. 
ensi Elastic | Reduction Elonga- 
Heat Treatment. | Mark. | ter | Diameter of Area, | tion, 
| Treated, | Pulled, | sq.in. | sq.in, | Poet: | Percent. 
in. in. 
M3X2 1.169 1.1285 109 860 80 57.9 11.0¢ 
110 800 82 000 54.7 12.0¢ 
110 330 81000 56.3 11.54 
1. Heated 30 minutes) M3Y2 1.169 0.505 112 500 85 000 61.0 20.5 
> 117 000 85 000 56.0 17.5 
2. Quenched in oil. — 
3. Reheated 45 min- Average..| ...... 114 750 85 000 58.5 19.0 
utes at 1000° F. 
M3Z2 0.545 0.505 140900 | 117500 60.5 17.0 
143 600 125 000 53.5 15.0 
Average..| ..... 142 250 121 250 57.0 16.0 
T3X3 1.169 1.1285 119 000 84000 | 46.1 10.1¢ 
118 400 89 000 56.1 11.5¢ 
No.3. Average..| ..... 118 700 86 500 51.1 10.84 
1. Heated 30 minutes; T3Y3 1.169 0.505 116 700 90 000 60.0 20.5 
at 1550°to 1575°F.| T3Y3a ..... | 123 600 91700 48.4 15.5 
2. Quenched in oil. 
3. Reheated 45 min- Average..| ..... 120 150 90 850 54.2 18.0 
utes at 900° F. 
T3Z3 0.545 0.505 145300 | 125000 56.5 14.0 
| cress 160 000 140 000 47.0 12.5 
Average..| ..... 152 650 132 500 51.7 13.2 
@ Elongation measured in 8-in. gage length; all others in 2-in. gage length. 
TABLE II.—SUMMARY OF PERCENTAGE RELATIONS. 
Test Piece. Tensile Strength.| Elastic Limit. |Reduction of Area.| Elongation. 
Heat : 
: ageof | ageof | ageof | ageof | ageof | ageof | ageof | ageo 
as a Lowest. | Highest.| Lowest. | Highest.| Lowest. | Highest.| Lowest. | Highest. 
1.169 | 1.1285 100 77 100 67 100 96 a a 
No.2 | 1.169 | 0.505 104 81 105 70 104 100 109 100 
0.545 | 0.505 129 100 150 100 102 97 100 85 
1.169 | 1.1285 100 78 100 65 100 94 4 4 
No.3 | 1.169 | 0.505 101 79 105 67 107 100 136 100 
0.545 | 0.505 129 100 153 100 101 95 100 73 


@ Elongation measured in 8-in. gage length; all others in 2-in. gage length. 
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those of the whole section. This condition is quite contrary to 
our expectation; the inside of a bar is generally supposed to have 
lower physical properties than the bar as a whole or than the out- 
side. The following explanation of the results obtained is offered: 

During quenching, the exterior of a bar is cooled more 
rapidly than the interior; and hence if untempered subsequently, 
the exterior portion would show higher tensile strengths and 
elastic limits with lower reductions of area and elongations than 
the center. On annealing, likewise, the exterior is again affected 
first and of course will be tempered more than the interior. By 
a proper adjustment of the time and temperature of this latter 
operation, then, we probably could manage to “draw back” 
merely the excess strength and brittleness of the outside of the 
bar and to balance its properties against those of the core. The 
above results show that the heating for 45 minutes has carried 
the tempering effect past this balance point, and that the exterior 
of the bar has been “drawn” to properties appreciably below 
those of the core. 

5. Higher tensile strengths and elastic limits do not nec- 
essarily indicate the coexistence of lower reductions of area and 
elongations. In comparing the bars of section X with those of 
section Y, we find under both heat treatments that distinctly the 
reverse can happen. In the present case we would ascribe the 
cause to the difference in the quenching action of the oil upon 
the outside and upon the inside of the bar, respectively; the 
slower cooling to which the core has been subjected, due to its 
protection by the outside layers of metal, has left it in a con- 
siderably tougher state. If objections to comparing reductions 
on such different diameters of test bars are raised, we would 
refer to sections Y and Z. Here the tensile strengths and elastic 
limits have been increased about 25 and 50 per cent, respectively, 
while the reductions have been reduced only about 2 to 6 per cent. 

In conclusion, the writer would reiterate that the fragment- 
ary nature of this paper is fully appreciated. It is offered for 
whatever intrinsic value it may have, and in the hope that con- 
structive criticism may be evoked which will help to guide us in 
future work along these lines. 


[For discussion of this paper, see pp. 525-549.—Eb.] 
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HEAT TREATMENT OF HYPO-EUTECTOID 
CARBON-STEEL CASTINGS. 


By J. H. HALt. 


This paper is submitted with the object of showing briefly 
the behavior of cast steels with carbon contents of less than the 
eutectoid ratio of 0.90 per cent, under varying conditions of 
heat treatment. The following definitions will be adopted, in 
order to give known values to terms commonly used somewhat 
loosely in technical papers. 

1. Slow Cooling.—A slow cooling is such a rate of cooling 
that the steel shall cool from above Ac3 to black heat in not 
less than 50 minutes. 

2. Accelerated Cooling.—An accelerated cooling is such a 
rate of cooling that more than 20 minutes and less than 50 min- 
utes are required to cool the steel from above Ac3 to black heat. 

3. Rapid Cooling.—A rapid cooling is such a rate of cooling 
that less than 20 minutes are required to cool the steel from above 
Ac3 to black heat. 

4. Ingotism.—Ingotism is the coarse, crystalline structure 
of steel in the cast condition, and in hypo-eutectoid steels is 
indicated by the presence of primary ferrite resulting from the 
transformation of primary austenite im situ. 

Two characteristic crystalline arrangements of the primary 
ferrite are found in hypo-eutectoid cast steels in the raw condition. 
The first is a network structure in which the ferrite is arranged 
in a network around meshes of pearlite, which is interlaced with 
secondary ferrite. The second is the Widmanstattian structure, 
in which the ferrite is in needles in a triangular, or “delta” 
arrangement. In any one steel there will generally be found 
both of these structures, to a certain extent; but some steels 
show the “delta” arrangement almost exclusively. 

Professor Campbell, in an article in the Proceedings of this 
Society for 1909,1has shown that hypo-eutectoid cast steels 


1Vol. IX, p. 370. 
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are completely refined by heating to 855° C. and cooling slowly; 
but that if sulphide of manganese is strongly segregated in the 
primary ferrite, traces of the latter will be found in the annealed 
steel. Professor Campbell’s steel, shown in the raw condition 
in Fig. 5 of that article, shows the ferrite in the “delta” arrange- 
ment; and this steel, as shown in his Figs. 6, 7 and 8, is refined 
by heating to 840° C., and cooling slowly. The structure 
of the refined steel is, however, quite coarse. 

In an article in the Proceedings for 1908', Professors Howe 
and Campbell and Mr. Koken showed that the ingotism of a 
cast steel was not effaced by 32 hours heating at 840° C.; patches 
of primary austenite being left in the steel after slow cooling. 

It is the experience of the author that in cast steel, heated 
above Ac3 and cooled slowly, ferrite is reprecipitated more or 
less upon the lines originally occupied by it in the raw steel; 
and that if the network arrangement is found in the raw steel, 
traces of network will be seen in the refined steel; while if the 
rarer ‘‘delta”’ arrangement of the primary ferrite is found in 
the raw steel, few traces of ingotism will occur in the refined 
steel. This may perhaps be owing to the fact that manganese 
sulphide segregates more markedly in steel possessing the net- 
work arrangement of the primary ferrite. 

Though the fineness of the ingot structure of cast steel 
varies with the size of the casting, the center of a very large 
casting showing extremely coarse patches of ferrite, it is never- 
theless the author’s experience that the temperature necessary 
to efface this ingotism is practically independent of the coarse- 
ness of the structure; and that at a given temperature, for 
instance 850° C., the time necessary for the refining to take 
place, counted from the moment when the steel has reached 
that temperature throughout its mass, is the same for both 
large and small castings. Though 850° is high enough to 
refine the ingot structure of hypo-eutectoid cast steel, yet 900° 
will refine it more rapidly and hence was adopted as the standard 
refining temperature for the work which is to be described. 

Fig. 1 shows the microstructure of a cast steel annealed for 
two hours at 900° C., cooled slowly to 800°, and quenched in 


1Vol. VIII, p. 185. 
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water; Fig. 2 shows a similar steel, heated to the same tempera- 
ture for the same length of time, cooled slowly to 750°, and 
quenched in water. Fig. 1 shows very fine sorbite (or marten- 
site), while Fig. 2 has the typical structure of steel heated above 
Ac3 and cooled slowly. The strongly marked patches of ferrite 
occupying the outlines of the primary ferrite network are strik- 
ingly shown in Fig. 2. 

Fig. 3 shows a similar steel heated to 900° C. for 3 hours 
and cooled very slowly; in this case the cooling from 900° to 
600° occupied 6 hours. A general family resemblance is seen 
between Figs. 2 and 3, with the difference that in Fig. 3 the 
coarse ferrite occurs in wide masses; and rather more ferrite 
in finer particles occurs. The steel of Fig. 2, quenched from 
above Arl, does not of course show as complete a separation of 
ferrite as Fig. 3. 

Fig. 4 shows a similar steel, heated to 900° C. for 3 hours, and 
cooled in air in about 10 minutes. The fine network structure 
is characteristic. 

In Fig. 5 is shown the structure of a similar steel heated to 
900° for one hour, and cooled to black in 40 minutes, or at an 
accelerated rate. There is a close resemblance between Figs. 4 
and 5, but Fig. 5 shows a somewhat coarser structure, owing to 
the slower cooling. 

Fig. 6 shows a similar steel heated to 900° C. for 24 hours, 
cooled slowly to 800° and quenched, then reheated to 700° 
and quenched. Comparing Figs. 1 and 6, we see that in Fig. 6 
the ground mass is an extremely fine mixture of ferrite and 
pearlite (or sorbite); but masses of primary ferrite have been 
formed, showing the characteristic arrangement of primary 
ferrite in the network form. 

Fig. 7 shows a similar steel heated to 900° C. for 24 hours and 
cooled in air, then reheated to 700° for one hour and cooled 
slowly. Comparing Fig. 7 with Fig. 4, we see that their struc- 
tures are almost exactly alike, except that in Fig. 7 the ferrite 
is slightly coarser. 

In Fig. 8 is shown a similar steel. heated to 900° C. for 2 
hours and air-cooled, then reheated to 750° for one hour and 
cooled slowly. Comparing this with Fig. 7 and Fig. 4, it will be 
seen that the ground mass of Fig. 8 resembles Fig. 7 closely, 
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the ferrite being naturally a little coarser; but in addition there 
are the same patches of ferrite in the network arrangement of 
the original network structure that obtain in Fig. 6. 

It is clear from these examples that the cast steel has a 
strong tendency to reprecipitation of ferrite in heavy masses 
along the lines of the original ingot structure; that this tendency 
can be repressed by accelerated or rapid cooling; and that if so 
repressed, upon again heating above Ar1 the ferrite tends strongly 
to the same coarse recrystallization. In this connection, the 
author wishes to state that the photographs show only a few of 
several hundred samples of steel treated in the course of this 
research, all of which showed the same tendency to crystalliza- 
tion of coarse ferrite under the same conditions; some less 
strongly than those shown, some more so. 

One somewhat unexpected result shown in these photographs 
is that in reheating a quenched steel, coarse ferrite appears upon 
a very short heating at 700° C., while in reheating an air-cooled 
steel, even after one hour at 700°, no such reprecipitation of 
ferrite occurs. This appeared so inherently improbable that 
the greatest pains were taken to prove the fact, two bars of the 
same steel being heated side by side in the same furnace to 900°, 
one quenched and one cooled in air, then reheated side by side 
in the same furnace to 700°, and cooled slowly together. This 
experiment was twice repeated on two different steels, and twice 
confirmed the fact. 

In order to show that steels quite low in sulphur exhibit 
the same characteristic behavior in annealing, Fig. 9 (an electric- 
furnace steel) is added to this collection. This steel was heated 
to 900° C. for 4 hours and cooled in air, then reheated to 760° 
for 2 hours and slowly cooled. Comparison of Figs. 9 and 8 
shows that this steel, comparatively low in sulphur, exhibits 
the same traces of primary austenite after this treatment. 

Clearly, then, in order to produce a truly fine microstructure 
in cast steels, it is necessary to restrain or suppress the tendency 
to coarse crystallization of the ferrite by accelerated or rapid 
cooling, since slow cooling as defined in this paper results in 
coarse structure. The effect of rapid cooling being to harden 
the steel very considerably and at the same time produce harmful 
stresses in castings of uneven section, a second heating to soften 
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the steel and relieve the stresses is necessary; but this heating 
must not exceed 680° C. for quenched steel and 720° for air- 
cooled steel, or a crystallization of ferrite in coarse masses will 
take place. 

Fig. 10 shows a soft steel heated to 900° C. for-5 hours and 
quenched, then reheated to from 650° to 680° for 63 hours and 
cooled in air. The physical properties of this steel are as follows: 


TENSILE PROPERTIES. 


Tensile strength, Ib. per sq. in..................-. 91 900 
Elongation in 2 in., per cent.............0sece0e. 20.37 
Reduction of area, per cent...................+.+- 50.25 


BEND PROPERTIES. 
Specimen 1 by } in. bent 180 deg. around a 1-in. mandrel. 


In order to show the influence of microstructure upon the 
physical properties of the steel, Figs. 11 and 12 are given. These 
are the microstructures of two small castings of about the same 
carbon content as the steel shown in Fig. 10, which have been 
annealed by heating and slow cooling, and exhibit the character- 


istic coarse crystallization of cast steel so treated. These 


castings were not large enough to cut tension specimens from 
them, but Fremont tests from them give for No. 11, 5.0 kgm., 
and for No. 12, 7.0 kgm. The casting whose microstructure is 
shown in Fig. 12 was then cut in two, one-half set aside for test, 
and one-half treated as follows: Heated to 900° C. for 4 hours 
and quenched in water, reheated to 680° for 8 hours and cooled 
in air. The two halves were then tested under a drop of about 
a 500-lb. falling weight, with the result that the annealed half 
(Fig. 12) broke into three pieces with one blow of the drop from 
a height of 4 ft.; while the heat-treated half was unbroken after 
one blow from 4 ft., one blow from 5 ft., one from 6 ft., one from 
7 ft., and two from 8 ft., six blows in all. The two halves of the 
casting after test are shown in Fig. 13(a), and the unbroken heat- 
treated half is shown in back view in Fig. 13(0). 

In a paper already submitted to this Society! the author has 


1Presented as a contribution to the discussion of shock tests at the Sixth Congress 
of the International Association for Testing Materials, New York City, 1912. 
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shown the great variations that occur in the value of the Fremont 
test from the outside and the inside of coupons of cast steel; 
but the test just cited will show that the indications of this test 
can be taken nearly at their face value in the case of castings 
of light section. 

That even steel very low in carbon is considerably improved, 


Fic. 13. 


especially in resistance to shock, by quenching and reheating, 
is shown by the following tests upon steel of 0.10 per cent carbon, 
low in silicon and manganese. This steel is shown in the cast 


TABLE I.—RESULTS OF TESTS OF 0.10-PER CENT CARBON STEEL. 


= or Us 3 § 
eo | Ss | ze | 
= < a | 
ae eee ee 50 020 | 23930 | 35.2 47.85 coarse 50 2.5 
crystalline 
15 | 900° for 3 hr., cooled 
eo eee 55 390 | 28 750 | 38.5 67.0 silky cup 180 20.0 
16 |900° for3 hr., cooled 
(blow hole) 
17 | 900° for 3 hr., quen- 
18 | 900° for 3 hr., air- 
cooled; 710° for 
6 hr., air-cooled. .| 56450 | 32950 | 39.25 | 65.2 silky cup 180 17.5 
19 |900° for 
quenched; 680° 
for 8 hr., air- 
a sacs amok 53 200 | 27 100 | 34.95 | 60.4 silky cup 180 25.0 


condition in Fig. 14; in Fig. 15, after heating to 900° C., for 3 
hours and cooling to black in 40 minutes; in Fig. 16, after heating 
to 900° for 3 hours and cooling slowly; in Fig. 17, after heating 
to 900° for 3 hours and quenching in water; in Fig. 18, after 
heating to 900° for 3 hours and cooling in air, then reheating to 
710° for 6 hours and cooling in air; and in Fig. 19, after heating 
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to 900° for 3 hours and quenching in water, then reheating to 
680° for 8 hours and cooling in air. These coupons were all 
cast on one casting. The physical properties of these bars, as 
far as they could be obtained, are given in Table I. 

A notable improvement in the physical properties of this 


~~ 
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Punch Mark Sawed here “Punch Mark 


Fic. 20. 


steel is made by the heat treatment, and this is most strikingly 
shown in the Fremont test, which from almost nothing in the 
raw steel, rises to 25.0 and 27.5 kgm. in the specimens that have 
been quenched. The air-cooled and reheated sample and the 
sample cooled at an accelerated rate, show Fremont values of 17.5 


TABLE IT.—ANALYSES OF STEELS. 


(VALUES ARE PERCENTAGES.) 


Figure No. | Carbon. | Silicon. | Manganese. Sulphur. | Phosphorus. 
| | 

0.43 0.49 | O60 | 
0.59 0.14 0.72 0.023 0.017 
0.18 | 0.41 | 0.93 0.065 | 0.052 
0.20 0.45 1.02 0.057 0.049 
0.10 0.19 | | | 


and 20.0 kgm., while the annealed and slowly cooled steel gives 
but 10.5 kgm. 

‘By means of test bars such as those illustrated in Fig. 20, 
which were used for rough measurements of stress by measuring 
the distance between punch marks in the lighter section before 
and after sawing through this part with a hack saw, determina- 
tions of stresses in the cast steel after various treatments were 
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\ 
made. It was found that the raw steel, or the steel heated to 
900° C. and cooled in air, water or oil, was in a state of serious 
stress; that the slowly cooled steel was quite free from stresses; 
and that the stress in the steel cooled in 40 minutes from 900°, 
or cooled in air from 680° and 700°, was too slight to be measured. 

All microphotographs are at a magnification of 60 diameters. 
All samples were heated in an electric resistance muffle furnace, 
the temperatures being measured with a Le Chatelier pyrometer. 
The steels, with the exception of the electric-furnace steel 
and the two castings, Figs. 11 and 12 (whose origin is unknown), 
are all baby-Bessemer steels. Complete analyses of the samples 
are unfortunately not available, but it can be stated that the 
phosphorus and sulphur of all of them lie between about 0.04 
and 0.07 per cent, averaging a little over 0.05 per cent. The 
analyses so far as available are given in Table II. 


[For discussion of this paper, see pp. 525-549.—Eb.] 
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GENERAL DISCUSSION ON 
HEAT TREATMENT OF STEEL! 


Mr. Henry D. Hissarp.—The question of the influence Mr. Hibbard. 
of mass on heat treatment of steel is really one phase of the 
underlying question as to the effect of rate of cooling on heated 
steel; that is, what rate of cooling in degrees per second is 
necessary to produce a given hardening effect for a given steel; 
or to express it otherwise, what is the result in hardening effect— 
or in the formation of metarals, to use Howe’s term—of a given 
rate of cooling? This question has never been taken up, so far 
as I know. 

The mass of a heat-treated steel article determines very 
greatly the rate at which it loses heat in quenching; the more 
massive the article the slower the rate of cooling as a whole. 
Then there is the question as to the rate of cooling of the surface 
and the layers of steel underlying at increasing depths as 
influenced by the mass of steel still deeper from the cooling 
surface. If all this were known we would have papers on the 
effect of cooling a given steel at a given rate instead of those 
describing the influence of mass, cooling fluid, conditions of 
quenching, etc. 

It may be that there is a critical rate of cooling which must 
be. applied to a given steel to give it the maximum hardness it 
is capable of assuming, but that, of course, is at present a matter 
of conjecture. The curve for each grade of steel obtained by 
plotting the degree of hardness imparted by each rate of cooling 
from a given temperature would be most valuable. 

In practice the slower rate of cooling of a more massive 
piece of steel is counteracted to some extent by keeping the 
cooling fluid in motion so that it will more rapidly extract the 
heat,—as in the hardening of large dies and armor plate,— 
but even with all such measures a limit of thickness which may 
be usefully hardened is quickly reached. Maximum hardness 


1 Joint Discussion of the preceding three papers by Mr. J. H. Nead, Mr. K. W. Zimmer- 
scheid and Mr. J. H. Hall_—Eb. 


(525) 


i 
= 
Bad 
4 
| 
a 
4 
2 
ike 


526 DISCUSSION ON HEAT TREATMENT OF STEEL. 


Mr. Hibbard. can only exist in a shallow zone extending in from the cooling 


Mr. Devries. 


surface. The effect of the cooling decreases as the depth from 
the surface increases, but whether in proportion to the depth 
is probably not known. All this calls for determination. 

It would be very instructive if the series of tests given in 
the papers of Messrs. Nead and Zimmerschied could be extended 
in both directions to the maximum properties on the one side, 
and the minimum on the other. As for the maximum tensile 
strength, it would be especially interesting to compare it with 
the maximum given to steel in the wire-drawing process, by 
which a tensile strength of over 500,000 Ib. per sq. in. has been 
obtained. 

Mr. R. P. Devries.—The matter presented in the paper 
dealing with effect of section on heat treatment is of great 
interest. Although the heat-treated specimens with which I 
have been working for some time are practically all of the same 
section, the geometric form of the section plays an important 
part. 

In Mr. Zimmerschied’s paper some explanations of the 
results obtained are offered on the basis that the separate effects 
of the quenching and drawing of the heat-treated specimen can 
be differentiated. Since heat treatment of steel involves the 
two operations above mentioned, it would appear that caution 
should be exercised in drawing conclusions unless specimens on 
duplicates are tested in the treated state both before and after 
drawing the temper. 

So far as it has been possible to note, neither of the two 
papers have mentioned the effect of the temperature of the 
quenching bath. I would therefore ask whether it is possible 
to duplicate results in heat-treating steel when no attempt is 
made to hold the temperature of the bath constant. This was 
found to be an important point in the heat treatment of high- 
carbon steel. Some of the irregularities found in specimens 
heat-treated in the laboratory of the Pennsylvania Railroad Co. 
were ascribed to causes other than the quenching bath. Spec- 
imens heat-treated at the Bureau of Standards showed that 
these irregularities persisted, and it is believed that failure to 
keep the temperature of the quenching bath constant is respon- 
sible for the differences in physical qualities observed. 
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Mr. W. R. WEBsTER.—I think that as a matter of record 
it might be well to call attention to the results of some tests that 
were made by Mr. A. L. Colby some years ago on 8-in. lengths 
and 2-in. specimens of different diameters to bring out the 
difference in results due to the difference in length. 

Mr. E. O’C. Acker.—I think Mr. Zimmerschied has drawn 
the wrong conclusion from the results of these different bars. 
We find ordinarily that the tensile strength of an 8-in. bar is 
about 2000 to 3000 lb. per sq. in. less than that of a 2-in. bar of 
the same material. A curve was published a good many years ago 
on this subject, I think in 1885, in a paper by Naval Constructor 
Gatewood. It seems to be lost sight of that a change in ratio 
of length to diameter changes the tensile strength as well as the 
elongation, and if the necessary corrections were applied to Mr. 
Zimmerschied’s results, he would find, I think, that the core of 
his metal was not stronger than the outside. 

Mr. J. H. NEAp.—In reply to Mr. Devries, I would say that 
in our experiments, the temperature of the bath was kept con- 
stant between 65° and 75° F. No experiments were carried out 
at that time as to the effect of the temperature of the quenching 
bath. 

Mr. K. W. ZIMMERSCHIED.—Replying to Mr. Hibbard, I 
believe that keeping a piece of steel in motion has the principal 
effect of brushing the film of vapor off the surface more rapidly 
and hence of keeping the steel more continuously in contact 
with the quenching liquid. A variation of a few degrees in the 
temperature of that liquid, so long as this temperature is well 
below the boiling point, does not seem to make much difference 
in steel as low in carbon as these samples. 

Mr. Devries’ point is well taken; from a theoretical view- 
point the introduction of more than one variable at a time is 
highly undesirable. The practical difficulties in testing steel 
which has been simply hardened, however, are very great. 
Uncertain and unequal internal stresses give rise to discordant 
results between duplicates, and it is extremely difficult to meas- 
ure anything but the maximum strength, especially on small 
test pieces. By using two drawing temperatures we purposed 
to find out if the mass effect would be concordant throughout, 
and I think that the percentage table shows that it is. The 
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temperature of the quenching bath was about 85° F. and the 
volume about 200 gallons. 

With regard to ratio of length to diameter, it is noted in 
the paper that this will be corrected in future work. We shall 
adopt a gage length four times the diameter; this ratio holds 
in the small standard test piece. The pulling speed was low in 
all cases. 

Mr. J. R. ONDERDONK.—I wish to correct the impression 
that the speed of testing from 2 in. up to 6 in. per minute does 
not make any material difference in the test. I think the tests 
upon which this conclusion presented to the Society is based, 
were made on low-carbon steels and 8-in. test pieces. When 
we are dealing with high-carbon steel in short 2-in. test pieces, 
we find that the pulling speed makes considerable difference. 

In regard to heat-treated steel, I cannot add much from the 
laboratory side, but in its use I think we are liable to be misled 
by the results we get by not running the service tests long 
enough, especially on material that is subject to abrasion. When 
we first put it in service, the heat-treated material appears to 
give us very good results, and we get possibly twice the service 
as from steel that is not heat-treated; but when the outer 
material wears off or is turned off, the material commences to 
wear much more rapidly than steel that is not heat-treated, so 
that the total result from a material that is worn or turned off 
is found to be very little greater, if any, than that from the 
ordinary steel without heat treatment. Therefore, in getting 
service results in that way, I think the tests should be continued 
until the piece is finally worn out under the service for which it 
is intended. 

Take a tire, for instance; the first mileage for a tire that 
has been heat-treated is possibly twice that for an ordinary 
carbon tire without heat treatment. That tire is then turned 
off and put in service again. The second mileage for the heat- 
treated tire is not as great as the second mileage for a non- 
heat-treated steel tire. Turn that tire again and put it in 
service for the third time, and the total mileage of the three 
services is not appreciably greater for the heat-treated steel 
tire than for the ordinary carbon-steel tire. 
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Mr. A. A. STEVENSON.—I feel that the effect of mass on Mr. Stevenson. 


the results from heat-treated material has not been fully appre- 
ciated in some of our committee work. The basis of our heat- 
treated specifications to-day were the specifications adopted by 
the Society in 1902. These specifications called for a certain 
elastic limit, elongation and reduction for pieces 6 in. in diam- 
eter, or having a thickness of 6 in. At that time hollow-bored 
axles were not in use to any extent, if at all. The thickness of 
6 in. covered by the original specifications would be such as 
would be found in a gun ring where there would be a hole of some 
size, and the effect of treatment would be practically the same 
from the inside out as from the outside in. 

One of the first specifications for heat-treated forgings was 
issued by Mr. Doyle of the Interborough. The axles were of 
small size as compared with the locomotive driving axles. The 
physical requirements were the same as in the Society’s specifica- 
tion of 1902. Later on the steam railroads took up the question 
of heat-treated axles and forgings, and the tendency has been to 
call for the same physical requirements as referred to above. 

As a matter of comparison, take a 6-in. solid axle, 72 in. 
long, and it will be found that the radiating surface amounts to 
practically 25 sq. in. per pound of metal. Then take a 13-in. 
axle with a 3-in. hole, 72 in. long, for which the radiating surface 
is about 1} sq. in. per pound of metal. There is no doubt that 
the effect of the radiating surface in the 3-in. hole is not as 
great as the effect of the radiating surface on the outside, per 
square inch of surface. 

The results given in the paper under discussion are interest- 
ing, but I believe experiments carried out on larger-size sections 
12, 13 and 14 in. in diameter would be of even greater interest. 

Mr. Rosert Jos.—I have been very much interested in 
the discussion and realize very fully indeed the importance of 
the effect of heat treatment upon steel. We have had it brought 
to our attention recently in connection with some engineering 
work, particularly in connection with the life and general ser- 
vice which is given by forgings. In their manufacture we have, 
at different times, found a very wide difference in the properties 
of steel, and equally so in the service. We have found also that 
when carefully manufactured, with careful heat treatment and 
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with a consequent increase in the tensile strength, reduction of 
area and elongation, the service has kept pace with the increased 
properties. In other words, as a result of the effective heat 
treatment which had been given by the mills, decidedly better 
results have been obtained as would be expected. The whole 
subject unquestionably needs the fullest possible study, par- 
ticularly in view of the large masses of metal which are treated, 
as has been brought out in the papers before us. It is very 
evident that in such cases, very different treatment is necessary 
from that required for the smaller masses, and on that account 
we ought to be very careful about drawing inferences from the 
results obtained upon smaller pieces. 

Mr. J. A. Capp.—I had not intended to say anything, but 
there is one point in connection with the consideration of the 
real physical properties of a relatively large heat-treated forging 
which is perhaps worth mentioning. Of course the test piece 
in such a big forging has to be relatively small. The prolonga- 
tion from which the test piece is to be cut is as short as it can 
be to permit getting out the test piece. We have had it shown 
to us that there is an influence of size of section in the case of a 
round or cylindrical forging. Equally then there must be an 
influence of distance in from the end of the forging. Our test 
piece is taken within a length of about four inches from the 
end. If the forging is, say 7 or 8 in. in diameter, would you 
get the same results if a test piece were taken at the next four 
inches or still further from the end? If our test piece is taken 
too near the end, we may get a higher result and probably 
would get a higher result, than if it were taken further from 
the end. ‘Therefore, does the test piece as it is taken, repre- 
sent accurately the properties of the forging as it is used in 
service, and if it does not, are not the results misleading and 
may not such misleading results account for some of the failures 
that have been found with heat-treated forgings? 

In fact, I have had it recently called to my attention that 
in certain heat-treated forgings the fracture occurred always at 
the end of the test piece which was farthest from the end sur- 
face of the forging from which it was taken. In other words, 
the end nearer the surface was harder and stronger than the 
inner end of the test piece. Undoubtedly this was due to the 
influence of the mass of metal. 
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Mr. J. S. UNcerR.—I am afraid that Mr. Zimmerschied is 
attempting to draw conclusions from insufficient data. There 
is not enough difference in mass between a specimen 1{ in. in 
diameter and another 3 in. in diameter to show any very great 
difference in the physical properties. We must admit that a 
better comparison could be made between a 3-in. and a ?-in. 
round rod when rolled from the same heat of steel, and that the 
effect of work and cooling would be very evident. 

Duplicates tests should check within 1500 to 2000 Ib. 


Mr. Unger. 


when of the same size and tested under the same conditions. - 


By referring to Table I of Mr. Zimmerschied’s paper and com- 
paring the tensile strengths of the 1.1285-in. specimens, we 
find that they check in both cases, but the results on the 0.505-in. 
specimens do not check in any case, as we find a variation of 
from 3000 Ib. as a minimum to 15,000 lb. as a maximum. A 
comparison of the averages of such results should not be con- 
sidered, as they vary too much within themselves. When the 
effect of different diameters, lengths, and pulling speeds are 
taken into consideration, the results are not truly comparable, 
and will account for the greater part of the differences shown, 
without attributing these differences to the influence of mass. 

Those who have had experience with pieces from 6 to 18 in. 
in diameter know that similar specimens taken out of the center 
and at the edge will not show the same results, when it is posi- 
tively known that the steel is of uniform composition through- 
out. The practice of some manufacturers of leaving a small 
prolongation about 13 in. in diameter on the end of a large forg- 
ing for test has been discontinued, and test specimens from the 
full-size forging are required, as it is recognized that the. small 
prolongation does not represent the condition of the forging 
after heat treatment. 

The explanation given by Mr. Zimmerschied that the out- 
side of the specimens was affected first, and consequently drawn 
back a little farther than the core, may be true; but if the heat- 
ing were forced rapidly enough to make a difference in a 14-in. 
specimen, the heat treatment was very poorly done. In other 
words, the temperature of the furnace was so high that before 
the heat could be conducted from the outside to the core, the 
outside was overheated. 
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I believe that in order to show the effect of mass, the com- 
parison should be made between a }-in. bar and a 10-in. bar in 
which all tests are made under the same conditions. If a large 
number of such tests were made, it might be possible to draw 
some conclusions. ‘The comparison shown between 1.1285 and 
0.505-in. specimens and from two tests of each kind, with sev- 
eral variables in testing, do not seem to give reliable comparative 
results. 

Mr. Neap.—The discussion this evening has been mainly 
in connection with the effect of heat treatment on forgings 
of very large size, such as railway car axles, steel tires, etc., of 
which my paper makes no pretense of treating. 

There have been no questions nor any discussion concerning 
the subject matter of the paper itself, which has to do only with 
such sections of such sizes as are used in automobile construction. 

VicE-PRESIDENT A. W. Gipps (in the chair).—Nobody 
doubts the success the automobile people have had in the treat- 
ment of steel; the wonderful work those machines are doing 
is sufficient proof of that. But we do want to see how that 
success can be extended to the larger sizes. 

Mr. ZIMMERSCHIED.—There is undoubted need for exten- 
sion of this field of work, but such extension is outside of our 
immediate province. The largest section we treat is, in special 
cases, 4 in. round, and the very great majority of parts do not 
exceed 1} in. as the minimum dimension of the maximum 
section. 

With respect to Mr. Unger’s statement concerning the 
differences to be expected between bars rolled to 3 in. and to 
$ in. in diameter respectively, we certainly concur in his opinion. 
It has, however, nothing to do with the present case, since it is 
plainly stated that our bars were all originally rolled to the 
same diameter from end to end, and machined afterwards to the 
form shown. 

With respect to the heat-treatment practice, we should 
have stated more fully the experimental conditions. The 
furnace was gas-fired, with a hearth 60 by 40 in. The tem- 
perature was controlled by an accurately calibrated pyrometer 
and was uniform from end to end. For all operations the tem- 
perature of the furnace was brought to the point desired, the 
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steel introduced, and the temperature held after regaining its 
original degree for the time indicated in the tables. In so large 
a furnace the temperature depression, due to the introduction of 
so small an amount of steel, was relatively inconsiderable. 

With regard to the insufficient number of tests, we have 
stated that we realized this point but that the tests were reported 
in the hope of evoking just the kind of discussion which has been 
aroused. In conclusion, we wish to express our gratification at 
the discussion that has been created by these papers and to 
assure those who may be interested that the work will be pursued 
more at length. 

Mr. E. F. KENNEy.—In reference to one statement made 
by Mr. Zimmerschied: the true explanation for the lower strength 
in the larger sections of these bars has, I think, not been brought 
out yet. I think it is due to the fact, that as a piece of steel 
cools more slowly, there is a greater possibility of the segrega- 
tion of some of the weaker constituents. This is shown by the 
illustrations given in Mr. Hall’s paper on Heat Treatment of 
Hypo-Eutectoid Carbon-Steel Castings. In considering ordinary 
carbon steels, when we remember that ferrite has a tensile 
strength of 40,000 Ib., whereas pearlite runs to upwards of 120,000 
Ib., we can understand why ferrite in masses will result in much 
weaker material than if that material is so broken up that the 
fracture has to take place, not only through the weaker constit- 
uent, but also through the pearlite, which is much higher in 
strength. 

There is one other point to which I should like to call 
attention. In Mr. Hall’s paper, attention was called to the fact 
that a very much finer and better structure which would resist 
shock -was obtained by quicker cooling; in fact, the author 
went to the extent of speaking of quenched castings. That is 
very true of the structure, but this procedure for most castings 
is not practical. In a practical sense, we must remember that 
while we get an excellent microstructure by rapid cooling, we 
may induce shrinkage strains in the castings which will ruin 
them as a whole. 

Mr. Hucu P. TremMann (by letter).—In connection with 
the papers of Messrs. Nead and Zimmerschied, I believe a brief 
consideration of certain of the general principles involved in 
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heat treatment will be of assistance in arriving at a better 
understanding of the effect which mass introduces into the 
problem. 

In these papers “heat treatment” is understood to mean 
quenching and tempering—the term “drawing back” being 
commonly used to designate the latter operation. It might be 
well to point out that the commercial meaning of heat treat- 
ment is improperly restricted to quenching and tempering, 
and hence does not include annealing, which is always specified 
as such. It is desirable to have this point straightened out with 
the trade. 

The most comprehensive definition of heat treatment which 
has so far occurred to me is the following: 

Heat treatment is the change, or the series of changes, in 
temperature, and also in some cases the rate of change from one 
temperature to another, brought about to secure certain desired 
conditions or properties in a metal or an alloy. 

Quenching, as generally understood, is simply a means to 
secure the rapid cooling (that is, the speedy removal of heat) of 
a heated body by immersing it in some liquid. This term is 
sometimes also applied to air cooling. 

The object of quenching is to preserve more or less perfectly 
in the cold state the condition in which the material existed (was 
in equilibrium) at the temperature from which it was quenched. 
The condition above the critical point A3 is a solid solution of 
carbon in gamma iron, and its retention in the cold state results 
in a marked increase in the hardness and strength over what 
is normal in slowly cooled steel, depending upon the composition, 
more especially the carbon content. As experiments generally 
recorded have had to do with pieces of relatively small cross- 
section, cooling sufficiently rapid to permit of this condition 
being closely approximated has been possible. 

The tempering or drawing back of quenched material, by 
permitting the transformation of part or all of the solid solution 
into pearlite and the excess constituent (if any), results in an 
increase in ductility and toughness, and a corresponding decrease 
in hardness and strength which are proportionate to the tem- 
perature to which the material is reheated below the lower 
critical point. 
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The next point to consider is the effect of slow cooling and 
its bearing on the quenching temperature. For the purpose of 
this discussion it will be sufficient to consider only hypo- 
eutectoid steels—those which contain not over about 0.85 per 
cent carbon.! It may be mentioned that during the cooling 
from the upper to the lower critical point ferrite is continuously 
thrown out of (solid) solution, whereby the solution remaining 
is enriched in carbon until of eutectoid composition, which 
is then transformed into pearlite when the lower critical point 
has been passed. 

The ferrite which is thrown out of the solution will prin- 
cipally be found in the form of an envelope around the grains of 
pearlite, the size of these grains corresponding more or less 
closely to the maximum temperature above the upper critical 
point from which the pieces were cooled.2_ When the material is 
again heated, this envelope is again dissolved between the lower 
and the upper critical points, the solution being complete only 
after the latter has been passed. 

If therefore the treating temperature is not above the upper 
critical point, or the heating has been too rapid to permit of this 
solution, (a) the original grain size will not have been thoroughly 
broken up (refined), and (b) the effect of the relatively soft, 
weak and ductile ferrite upon the physical properties of the 
material will be apparent. 

While there is a certain retardation or lag during the trans- 
formation from one condition to another, complete retention of 
the gamma condition in the cold state can only be secured by 
extremely rapid cooling, being dependent also upon the com- 
position. To secure the requisite rate of cooling the cross- 
section must be small. 

The employment of a quenching medium, such as water, 
is to obtain more rapid cooling than would result from ordinary 
cooling in air, but the nature of the medium per se does not 
confer any peculiar effect; for example, a fine wire will be cooled 
much more rapidly by simple exposure to air than will a large 


1 For a more complete exposition of the subject, reference should be made to a paper 
by H. M. Howe, entitled ‘‘Life History of Network and Ferrite Grains in Carbon Steel’; 
Proceedings, Am. Soc. Test. Mats., Vol. XI, p. 262 (1911). 

2H. M. Howe, “‘Iron, Steel and Other Alloys,’’ Second Edition, p. 245 et seg. 
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Mr. Tiemann. 


piece of the same composition plunged in iced brine, the result- 
ing physical properties in each case being directly proportional 
to the rate of cooling. 

The properties of a piece of steel are dependent primarily 
upon the condition in which the carbon exists. In the solid 
solution (austenite), as in a liquid solution, the distribution of 
the solute (carbon or carbide) in the solvent (iron) is complete, 
and individual particles cannot be detected even under the 
highest magnifications. When the residual solid solution is 
transformed in passing the lower critical point, the resultant 
pearlite may be very fine or very coarse, depending upon the 
rate of cooling below this point. The coarsening of the pearlite 
due to very slow cooling is a segregation of its components, 
ferrite and cementite, which is not usually considered as such, 
as it cannot be detected by ordinary chemical analysis, although 
under the microscope it is readily apparent. 


A B 


Rapid cooling therefore tends to preserve the fine distribu- 
tion of the carbon. At the relatively low temperatures used for 
tempering, the pearlite present has but little opportunity to 
become coarsened owing to the viscosity of the metal which 
will not permit of ready rearrangement of the molecules. It is 
for this reason that with material of the same size and composi- 
tion a much higher relation between ductility and strength 
can be obtained by quenching and tempering than by simple 
annealing. 

Under similar conditions the rate of heating and cooling of 
a large section is much less than for a small section, as a greater 
distance must be traversed in the absorption or the dissipation 
of the heat by the body, the rate progressively decreasing as 
the temperature of the body approaches that of the source of 
heat or refrigeration. Further, as the size of the body increases 
the ratio of surface to volume decreases. 
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Fig. 1 shows in section the transference of heat between 
different portions of the surface and the interior. 

ABCD is a section through an object uniformily heated or 
cooled on all sides. The transference of heat to ABFE is 
through AR; to AED through AD, etc. The progressive efiect 
is indicated by the dotted lines which are rounded at the corners 
of the section because the penetration is here effected from two 
surfaces. With the same cross-section, the length up to a cer- 
tain point, as reflected in the mass, appears to exert an influence, 
which however requires to be verified by suitable experiments. 
This does not refer to cases where the piece is so short that 
greater transference is effected from the ends than from the sides. 

Fig. 2 will serve to present more clearly the approximate 
effect of mass on the physical properties after different treat- 
ments. 

The curve AB is taken to represent the maximum theoret- 
ical relation between strength and ductility for steel of one 
particular composition. Steels of other compositions would 
have curves differing somewhat from each other. A piece of 
steel with the properties shown at A, with high strength and low 
ductility, is no better or no worse than a piece with the prop- 
erties shown at B, with low strength and high ductility, or at 
any other point on this curve (except for certain specific uses), 
for the relation of the properties in each case is at a maximum. 
With the properties as at C, however, theoretically the strength 
could be increased to C’, leaving the ductility the same; the 
ductility could be raised to C’’, leaving the strength the same; 
or some other maximum relation could be attained as C’””. 

In practice, with a very small section, the nearest approach 
to the curve AB would probably be as shown by the points 
H or J. If the point C represents the properties of a large 
section, these could probably be improved, by annealing to the 
point £, or by quenching and tempering to F or G. With cool- 
ing more rapid than usual, as by quenching in iced brine, followed 
by tempering, the point D might be attained. 

The dotted curves A’B’, A’ B”, A’”’B’”, etc., would then 
represent the maximum relations which could actually be 
obtained for sections of different size, the lowest relation being 
obtained for the largest section. 
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Mr. Tiemann, The reason for the higher relation of properties in a small 


section over that in a large section, treated under the same 
conditions, would appear to be due rather to the condition 
of the carbon than in accordance with the explanation offered 
by Mr. Zimmerschied (in Section 3 of his paper) that the 
“relatively long period of annealing” has “sufficed to toughen 
the thinner sections in a considerably greater degree than the 
thicker ones.”” This is also borne out by the difference in the 
properties of test specimens cut respectively from near the sur- 
face and at the center of large sections, which has resulted in 


Strength 


Fic. 2. 


the clause in forging specifications that “the axis of the specimen 
shall be located at any point one-half the distance from the 
center to the surface and shall be parallel to the axis of the 
object tested.” 

I think the objection to the representativeness of this 
method of testing large sections and that “‘the figures are not 
accurate for the real physical properties developed in the pieces” 
raised by Mr. Nead (last paragraph on the second page of his 
paper) is more fancied than real. While such a method of test- 
ing does not take into account any strains which may affect the 
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object as a whole,' it nevertheless gives a clear indication of the Mr. Tiemann. 


“penetration” of the heat treatment. It would of course be 
preferable for experimental work to secure results from a number 
of specimens covering progressively the section from the center 
to the outside, but owing to the impracticability of testing such 
large sections im toto, it has been considered that the method 
decided upon gives commercially a thoroughly satisfactory 
average of the properties. 

Under suitable conditions of heating it is possible to secure 
a reasonably uniform temperature throughout a fairly large 
section. If, then, the rate of cooling could be controlled so that a 
large section could be cooled as rapidly (that is, in the same time) 
as a smaller object, the uniformity of the material in the two cases 
should be the same. As a matter of fact, however, such a state 
of affairs cannot be attained, as the conduction of heat from the 
center to the outside of a section of any size is relatively slow, 
and cannot be hastened sufficiently by any means at our com- 
mand. Even if such were not the case there is another insur- 
mountable obstacle in the path. This is the introduction of 
excessive strains in large pieces, particularly where there is any 
irregularity of section. Rupture or incipient cracks result- 
ing from this would not be corrected by any heat treatment 
alone. 

We are therefore confronted with the contradictory state 
of affairs that: the larger the section the more vigorous should 
be the cooling; and the more vigorous the cooling the greater 
the liability to excessive strains or rupture. While the compo- 
nent particles of the material may be advantageously affected, 
the object as a whole suffers. From this it is evident that for 
any given size or section, there is a maximum relation between 
the ductility and strength, which decreases as the dimensions 
increase; that if the strength is maintained constant the ductil- 
ity must decrease, and vice versa, as discussed in connection with 
Fig. 2. 

It must therefore be realized that the possibilities, as 


1In a paper by Heyn and Bauer is given an interesting discussion of internal strains in 
2old-worked material and their determination, which is well worth careful study: ‘‘ Ueber 
Spannungen in kaltgereckten Metallen,” Internat. Ztschr. f. Metallographie, Vol. I, pp. 
16-47 (1911). 
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regards the physical properties of large sections, are not so 
great as in the case of:small sections, and this should be fully 
recognized in drawing up the physical requirements of specifica- 
tions. For, restating the case briefly, under similar circum- 
stances: 

1. The condition of the carbon depends upon the initial 
temperature and the rate of cooling. 

2. The rate of cooling depends upon the diameter or thick- 
ness of a given section, and probably also to a certain extent 
upon the length, or in other words upon the mass. 

3. The rate of cooling through the critical range, and just 
below the lower critical point, is of much greater importance 
than during any subsequent tempering (if quenched). 

In planning experiments along these lines, and in reporting 
results, the following points should be carefully considered, in 
order that the data may be of permanent value and not open to 
any question as to their reliability: 

1. Brief description of apparatus and pyrometric methods; 
type of pyrometer and how carefully it is checked; whether 
pyrometer is in contact with material heated or only in proximity 
to it; also type of furnace and whether it is uniformly heated as 
determined by actual test; 

2. There should be a sufficient number of tests to yield 
reliable averages; 

3. As wide a range as possible in the physical properties 
should be covered, preferably starting with the most ductile 
condition (quenched and fully annealed rather than simply 
annealed) as a standard for comparison; 

. Length of time of heating to desired temperature; 
. Length of time held at desired temperature; 

. Volume of quenching medium; 

. Temperature of quenching medium; 

. Length of time required for quenching; 

9. Length of time of heating for tempering; 

10. Whether held any time at maximum temperature; 

11. Check analyses should be made of different bars or 
pieces, particularly of test specimens, where discordant results 
are obtained. If this is not sufficient, further careful endeavor 
should be made to discover the cause of the discrepancy to prove 
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that some general condition is not at fault throughout the 
experiments. 

The following remarks may prove of interest particularly 
in connection with certain conditions mentioned in Mr. Hall’s 
paper: 

One of the effects of mass on heat treatment has not 
received very much attention, at least in the technical press, 
probably because it is principally mechanical. This. has to do 
with the structure of castings, more especially those of large 
section which have cooled very slowly because of their large 
mass, usually materially assisted by the refractory (non-con- 
ducting) nature of the molds in which they have been cast. 

Particularly where the initial (pouring) temperature of the 
steel has been high, crystals are frequently found which are 
2 to 4 in., or even larger, across, and a casting in such a condi- 
tion is unable to withstand any violent shocks or stresses such 
as those to which a roll, for example, is subjected. Howe has 
termed this coarsely crystalline condition “ingotism.” To 
correct this, the material is usually annealed by extremely slow 
heating to a temperature somewhat above the critical point, 
held at this temperature for some time, and then slowly cooled. 

If quenching in water or oil can be resorted to without the 
danger of setting up cracks or excessive strains, a finer grain will 
be secured than by simple annealing, which latter treatment or 
a partial reheating (tempering) will then be applied to remove 
as far as possible all brittleness, and thereby render the material 
tougher because more ductile. 

With either of these treatments—even when repeated— 
there will almost invariably remain in castings of any con- 
siderable size some large isolated crystals which stand out 
prominently in the surface of a fracture, surrounded by fine- 
grained material corresponding to the given treatment, having 
apparently withstood any purely thermal treatment. The 
only method which will break up such crystals is forging or 
rolling (mechanical working) at the relatively high temperature 
customary for these operations. 

Such a condition is commonly claimed by the workmen to 
be due to too high a pouring temperature, producing a structure 
which resists the “penetration” of heat treatment. That such 
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a statement is true of the effect, but not of the cause, can be 
readily demonstrated. 

A miscroscopic examination of the interior of such crystals 
will show that the structure is as fine as that of the surrounding 
fine-grained material, hence (under proper conditions) the 
effect of the heat treatment has penetrated to all parts alike. 
Upon a little more than a casual observation it will be found 
that the isolated crystals are actually separated in places from 
the surrounding mass, and in some cases the space is sufficient 
to permit the insertion of a penknife blade or other slender 
object to a depth of } in. or even more. In other words, we are 
here dealing, not with one united whole, but with several separate 
and distinct pieces of steel; and it would be as reasonable to 
expect two pieces of steel, one simply laid on top of the other and 
in imperfect contact, to become joined together by heating 
alone, as for these crystals to be incorporated with the sur- 
rounding mass by the same operation. As the surfaces are free 
from oxidation, forging or rolling causes welding to take place, 
as has been demonstrated by Stead in the case of blowholes. 

The separation of the crystals is evidently due to the con- 
traction after solidification, the original outside dimensions 
having been determined by the walls of the mold, and the 
cooling proceeding inward. Where the strains have been insuffi- 
cient to cause actual separation, simple heat treatment will 
have a refining effect, except, perhaps, where the strains are very 
great. This condition is probably largely responsible for the 
brittle and crumbly condition of overheated (not burnt) steel, 
although other factors also enter into the problem. 

Mr. R. S. MAcPHERRAN (by letier)—The experience of 
the Allis-Chalmers Manufacturing Co. agrees in general with 
Mr. Nead’s conclusions. We have never worked out a curve or 
tested graded sections, but have found that the physical prop- 
erties tend to fall off as the section increases. Results of tests 
on automobile material are difficult to equal in large forgings. 
This is only to be expected from the greater difficulty of quickly 
cooling a large section. Our sections begin at about where Mr. 
Nead’s leave off, and I am giving in Tables I and II a few typical 
results from our records in the hope that they may be of interest 
to the Society. 
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We heat-treat two classes of large chrome-vanadium steel Mr.MacPherran. 


forgings: 


1. Rotor-coil support rings with a metal thickness of 2 to 


3 in. 


2. Non-fatigue shafts with a metal thickness of 10 in. and 


over. 


It is unfortunate for this discussion that we cannot directly 
compare the results on one class of forgings with the results on 
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TABLE I.—ANALYSES OF STEEL. 


Percentage of 
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No. 
Carbon. |Phosphorus| Sulphur. Silicon. | Chromium.| Vanadium. 
z. 0.29 0.011 0.022 | 0.54 | 0.10 | 1.05 | 0.20 
2... 0.32 0.007 0.019 | 0.48 0.11 | 0.90 | 0.22 
3. 0.31 0.011 0.020 | 0.46 | 0.13 0.90 0.20 
| | 
TABLE II.—PuysicaL TEsTs. 
Roror-Cor Support Rrvas. 
Thickness | Weight | Yield Tensile | Flongation Reduction 
Heat No. | of Section, | of Forging, Point, | Strength, in 2in., of Area, 
| in. lb. Ib. per sq. in. lb. per sq.in.| percent. | percent. 
| 
| 
2 | 1000 | 119300 | 136750 | 18.5 49.1 
5 | 2 | 1000 | 112200 | 126850 | 17.5 43.3 
i 2 | 1 000 115 250 133 200 17.5 49.1 
Average. 115910 | 132260 | 17.8 417.1 
RS 3 3 000 107 750 128 550 18.0 | 54.6 
ae 3 3 000 106 400 128 500 - 17.0 | 49.1 
Average. . 107 070 128 520 17.5 51.8 
wa. 2 1 500 109 050 129 250 19.5 54.6 
= 2 1 500 110 450 130 700 20.0 57.2 
. oe 2 1 000 109 300 123 550 20.5 59.8 
Average 109 600 127 830 20.0 57.2 
a 3 3 000 | 108 200 130 350 18.5 49. 
| 3 3 000 109 200 132 400 18.0 49.1 
3 3 000 105 000 126 700 20.0 54.6 
Average wleeceeeeees-| 107500 | 129810 | 18.8 51.6 
| | | | 
SHAFTS. 
- | 10 | 9000 112 100 } 126 100 19.0 | 54.6 
cick enictaa kes 10 | 9000 115 350 | 130 000 20.0 64.7 
Average... 113730 | 128 050 
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the other. This is due to the fact that the test bars were taken 
tangentially from the rotor-coil support rings and longitudinally 
from the shafts. The difference between the tests of rotor-coil 
support rings with the 2-in. section and those with the 3-in. sec- 
tion is slight, although the former average higher in the yield 
point and elongation. These tests were made months apart, and 
are not the result of any investigation. They are merely routine 
tests on our own forgings, made in order to pass a certain speci- 
fication. I regret that complete data are not available on a 
number of our heat-treated shafts much thicker and heavier 
than those here given. 

The forgings were all quenched at 1600° F., and annealed 
under like conditions. The temperature of the oil before quench- 
ing was about 60° F. The hot oil rising to the surface after 
quenching is continuously drawn from the tank and cooled in 
water-cooled circulating pipes outside the building. Fresh cold 
oil is constantly being forced up around the forging during time 
of cooling. 

The forgings were all made from the three heats, analyses 
of which are given in Table I. 

Our rotor-coil support rings are hoop-shaped forgings, 
varying from 2 ft. in diameter for small sizes to 4 ft. in diameter 
for larger sizes. The rims vary from 11 to 17 in. deep and have 
a metal thickness as given. The test bars were taken tangentially 
from the rim of the forging with the axis of bar parallel to the 
greatest diameter of the forging. 

The shafts were solid shafts 15 ft. long, 15 in. in diameter 
in the center and tapering to 10 in. in diameter at the end. The 
test bars were hollow-drilled half-way from the center to the 
outside of the prolongation, which was 10 in. in diameter. The 
axis of the bar was parallel to the length of the shaft. Standard 
navy test bars with threaded ends were used, and elongation 
was measured in 2in. All fractures were gray. The yield point 
was taken at the drop of beam. All forgings were made from 
chrome-vanadium steel ingots 26 in. in diameter. 

I wish to thank Mr. Freeman, Superintendent of our Forge 
Shop, for his cooperation in preparing the results as given. 

Mr. J. A. Matuews (by /etter).—The results presented by 
Mr. Nead are of considerable importance, not so much on account 


| 
| 
“ 
| 
| 
" 
| 
| 
| | 


DIscUSSION ON HEAT TREATMENT OF STEEL. 545 


of the actual data presented, as because of the importance of the 
subject generally to designing engineers . There is very little 
in the technical literature calling attention to the effect of mass 
on the physical properties developed by heat treatment. 

The writer of this discussion called attention to the impor- 
tance of this in an address before the Franklin Institute upon 
“Alloy Steels for Motor Car Construction.”' In this article, 
attention was called to the importance of not being misled by 
remarkably high tensile values afforded when a standard test 
piece is heat-treated and then pulled, and to the danger of using 
such figures as a guide to the physical properties likely to result 
when a much larger mass is treated. 

Mr. Nead’s paper gives some specific, quantitative infor- 
mation as to just how much difference may be expected in heat- 
treated pieces of various sizes but made from the same heat of 
steel. The results given for the chrome-vanadium steel are 
very satisfactory but, as regards the nickel steel used in his 
experiments, it would have been better had a _ higher-carbon 
steel been chosen; first, for the reason that it would have 
responded better to the heat treatments, and second, because 
nickel steel of about 0.20 per cent carbon would ordinarily be 
used for case-hardened parts rather than for heat-treated parts. 
It would, also, have added to the value of the results had it 
been possible to have done all the tension testing in a single 
laboratory and with the same operators. 

Some years ago, we made a similar investigation in our 
laboratories, but confined our attention to the Brinell hard- 
ness numbers; first, on pieces of variable size taken from a single 
heat and all subjected to the same heat treatment, and second, 
on cross-sections cut from 3}-in. square billets and tested all 
over from outside to inside. As there is a fairly definite relation 
between the Brinell hardness and the physical qualities, our 
experiments were of some value in confirming the work of 
Mr. Nead. 

In the first of these experiments, we forged square bars 
varying in size from 3 in. square up to 3} in. square, there being 
twelve different bars in the series. All of these were made from 


1 Journal of the Franklin Institute, Vol. 167, p. 395. 
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the same heat of steel. After oil-tempering, the Brinell hard- 
ness was taken at the center of the flat sides of the square bars. 
In the case of a 0.50-per-cent-carbon chrome-vanadium steel 
similar to that used in Mr. Nead’s experiment, we found after 
tempering in oil a gradual decline in hardness from 595 on the 
3-in. square bar to 350 on the 3}-in. square bar. After drawing 
the temper to 600° F., the hardness had dropped from 435 to 
325 respectively for the two sizes, and intermediate sizes gave 
intermediate results. Upon further drawing to 1200° F., the 
hardness varied from 353 to 278. It is interesting to note that 
the greater the initial hardness, the more it seems to have been 
affected by drawing the temper; that is, the percentage drop 
in hardness on the small bars is much greater than on the large 
bars. 

From the 3}-in. square bar, representing the largest piece 
of the series, we cut a transverse section and, after ruling it 
off into squares, tested the hardness systematically from outside 
to inside. This test showed a gradual decrease in hardness 
from the corners toward the center of the flat sides and also 
toward the geometric center of the transverse section of bar. 

Similar results were obtained with nickel steel and chrome- 
nickel steel, and it is hoped to present these results more in 
detail at some future time. 

Mr. ZIMMERSCHEID (Author’s closure by letter)—Since the 
author’s paper was presented, measurements of the pulling speeds 
have been made; they were found to vary between 0.338 in. per 
minute per inch of gage length on the specimen 0.505 in. in 
diameter, to 0.18 in. per minute per inch of gage length on the 
specimen 1.125 in. in diameter. Both of these speeds are so low 
that we do not believe they can influence the results to any 
appreciable extent. 

We have also examined the report of Mr. Devries on spring 
steel experiments,! and believe that he was in reality dealing 
with much greater differences in temperature than he realized. 
His samples were dropped end-on into water, and found to be 
much softer on the end last immersed than on the end first 
immersed. Here he confronts the condition of quenching in a 


1“*Mechanical Tests of Heat-Treated Spring Steel,”” R. P. Devries, p. 550.—Eb. 
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liquid which is near its boiling point, for the frictional effect of 
the falling steel cn the water tends to drag the already heated 
liquid along the surface until the end last immersed may be 
subjected actually to steam alone for a short time. We have 
found in those cases where it is necessary to quench long pieces 
end-on for other considerations, that special apparatus is nec- 
essary to insure hardness over the whole length. Again, if we 
attempt to drop a layer of metal into a bath of water and then 
to dump another layer on top of that, or even close above it, 
the top layer will not be hard, because of the hot water rising 
from below; yet the average temperature of the whole bath 
may have risen but a couple of degrees. In answer to his ques- 
tion on the possibility of duplicating results when the tem- 
perature of the bath varies, we should say that our water tanks 
vary between 45° F. early on winter mornings and 110° F. on 
hot summer days, yet this makes less than five points difference 
in scleroscope hardness on a given piece of case-hardened work. 

Referring to Mr. Kenney’s remarks: the rate of cooling in 
all cases was too great to admit of the separation of any struc- 
turally free ferrite, as confirmed by microscopic examination. 
When the author wrote that the difference in properties between 
thin and thick sections was due to the longer annealing of the 
former, he was speaking of the proximate cause, in general 
terms. It goes without saying that the ultimate cause of all 
the differences cited is primarily the variation in the carbon 
compounds and in the structure as a whole. 

The above covers Mr. Tiemann’s remarks-on the same 
point. His statement that ‘a much higher relation between 
ductility and strength can be obtained by quenching and tem- 
pering than by simple annealing,’ because “at the relatively 
low temperatures used for tempering, the pearlite has but little 
opportunity to become coarsened,”’ must be a mistake. Pearlite 
never enters into the question with a piece of any ordinary size 
quenched from above the critical point. The “higher relation” 
cited is due to the absence of lamellar pearlite, and the sub- 
stitution of troostite or cementite, or even of spherulized car- 
bides. The formation of pearlite and an excess constituent as 
a consequence of tempering, described in his seventh paragraph, 
is foreign to all published experience, or else to accepted 
terminology with respect to the word “pearlite.” 
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We also hold (as stated in his sixth paragraph) that the 
carbon above A3 is present in solid solution as a carbide, or 
carbides. From all the data we have been able to collect, the 
lines AB (his Fig. 2), plotted as tensile strengths against reduc- 
tions of area, should be almost straight, bending toward the 
X axis near the bottom. 

Concerning the fundamental conceptions involved in heat 
treatment, the author has spent a number of years on the evolu- 
tion of a simple, satisfactory, and comprehensive presentation 
of quenching phenomena. We hope to make its exposition the 
subject of a future article. The author’s present paper was 
made as short and concise as possible, but we fear the experi- 
ment in brevity must be counted a failure. Its purpose is 
voiced in the last paragraph; all of it was written for those who 
understand at least the simple essentials of heat-treatment 
phenomena, and on that account, only the bare, new or con- 
firmatory resultants were published, together with such data as 
we considered essential to their understanding and appraisal. 

Our kindest thanks are due to those who have accepted and 
discussed it so fully in that light, and our gratitude to the gentle- 
men who have taken the pains to submit remarks on the 
fundamentals involved. All have convinced us that the little 
note was timely, and the inspiration aroused by so full a dis- 
cussion, together with the valuable points raised in criticism, 
will guide us to a much more comprehensive report in the near 
future. Thus is our first aim fulfilled. 

Mr. J. H. Hatt (Author’s closure by letter).—In reply to 
Mr. Kenney, I may say that in presenting this paper I had 
expected to meet the criticism that the heat treatment of steel 
castings by rapid cooling is not practicable, for in the days when 
this process was first used in the steel foundry where it was 
worked out, I had to listen to dire predictions as to what would 
happen to castings that had been quenched, when they were 
put up against hard service. 

The situation at that time was simply this—the foundry in 
question was in a position where it was essential for them to 
turn out heavy machinery castings of certain types, which were 
to be subjected to extremely severe service, involving both 
heavy wear and sudden severe shocks. Steels of a great many 


Mr. Zimmer- 
schied. 


DISCUSSION ON HEAT TREATMENT OF STEEL. 549 


different sorts, ranging from quite soft to very hard steel, heat- Mr. Hall. 


treated in the usual manner by annealing and slow cooling, had 
been tried, and uniformly found wanting, and a steel had to 
be produced that would give good resistance to wear and at 
the same time not break. 

By such heat treatment as described in my paper, castings 
ranging in weight from 200 to 2000 lb., were produced to the 
number of three or four thousand, which successfully stood up 
to the service demanded of them, where other cast steels had 
failed. In an experience of four years not one casting failed in 
service from the effect of shrinkage strains or quenching cracks, 
and the number of castings that cracked in treatment was but 
a very small fraction of one per cent. These castings were of a 
great variety of sections and were found to be uniformly suc- 
cessful. If such experience is not practical, nothing is. 

Mr. Kenney’s point indeed is not well taken, in this respect, 
that though after the first (rapid) cooling, a casting of unequal 
section is in a state of heavy strain, yet after the second heating, 
these strains are completely removed. ‘This has been demon- 
strated by most careful tests of full-size castings, as well as of 
the strain test bars described in the paper. The question is 
one for the manufacturer, rather than the consumer, since the 
only trouble that can arise from the quenching strains is the 
liability of the castings to crack if incautiously heated after 
quenching. Great care has of course to be taken in the second 
heating, to see that the castings are brought gradually to the 
temperature desired. If due care is not used at this stage, the 
manufacturer will suffer in lost castings, but a casting properly: 
quenched and annealed is as free from strains as it can be made 
by any annealing process and will cause no trouble in service 
from that source. 
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MECHANICAL TESTS OF HEAT-TREATED SPRING 
STEEL. 


By R. P. DEvrRIEs. 


This paper attempts to give briefly some of the results of 
an investigation of the mechanical properties of certain steels 
which are seldom if ever used except in a heat-treated condition. 
That part of the work which deals with a 1-per-cent-carbon 
tool or spring steel was undertaken by the Bureau of Standards, 
in cooperation with the Pennsylvania Railroad Co. They 
furnished the steel in specimen form, sending part of it in a heat- 
treated condition and part in an annealed condition to be heat- 
treated at the Bureau. ‘The work, which has been under way 
for some time, has been done with the cooperation of the chemical, 
heat, magnetic and mechanical testing divisions of the Bureau. 

The chemical composition of the carbon steel, expressed in 
per cent, is as follows: 


Carbon. Sulphur. Phosphorus. Manganese. Silicon. 
1.01 0.045 0.035 0.41 0.054 
1.00 0.045 0.035 0.42 0.054 
1.01 0.045 0.035 0.41 0.051 


Some of the carbon steels included in this investigation 
varied somewhat in chemical composition from the above 
analysis but none of these variations were greater than allowed 
by the specifications under which this steel is bought. The 
results obtained on these steels, therefore, represent current 
practice as far as the chemical composition and thermal treat- 
ment are concerned. 


MECHANICAL TESTS. 


The mechanical tests included the transverse test, cold- 
bend test, Brinell hardness test, and scleroscope test. 

Transverse Tests—The transverse tests were made in a 
2000-Ib. screw machine on specimens 10 in. in length and approx- 
imately 0.36 by 1.2 in. cross-section, using a 9-in. span. The 
deflections were measured with a calibrated screw of 0.5-mm, 
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pitch. The head of the screw carried a dial which made it 
possible to read deflections of 1 micron (0.0000397 in.). In Fig. 1 
a few typical stress-strain diagrams are plotted. The load 
at which the deflection ceases to be proportional can be easily 
determined by inspection of the plotted curves. The fiber 
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Fic. 1.—Typical Transverse Tests. 


stress in pounds per square inch on the extreme fiber, at which 
the load and deflection cease to be proportional calculated from 
the well-known beam formula, will be referred to throughout 
as the proportional limit. 

Cold-Bend Tests——The bars after being stressed in the 
transverse test were subjected to bending around:a pin 1} in. in 
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R3 
Ris 
Hi2 
Ho 
HI 
Al 
Az2 
P28 
P20 
Bie 
Dz 
As 
E2s 
F2 
Rio 
E26 
Bio 
D23 
A55 
Ri3 
Ri4 
D22 


Riz 


32 


813, — ,H20, 50 
950,— , Oil 
910,427, Oil 
910,427, Oil 
910,427, Oil 
871, 427, Oil 

871, 427, Oil 
954,538, Oil 
954,538, Oil 
861, 502, Oil 
822,— , Oil 
816, 502, Oil 
874,— , Oil 
760,427, Oil 
815, 427, Oil, 34 
877, , Oil 
858,427, Oil 
819,— , Oil 
871,427, Oil 

815 , 427, Oil,36 
815, 427, Oil,37 
820,-, Oil 
899, 538, Oil 
816, 502,0il 
815,427, Oil, 37 
760,427, Oil, 35 
816, 502, Oil 
760,427, Oil, 3) 
815,432, 0il 
760, 427, Oil, 32 
760,427, Oil 
950, 665, Oil, 25 
750,— ,0il 
802, — ,H,0,75 
750,— ,0il 
950,665, 0il 
801,— ,H,0,76 
788 , 427, Oil 
760, 427, Oil 
831,675, 031,30 
801, — ,H,0,100 
800,— ,H,0,100 
704,427, Oil 
As Received 
As Received 
704, 427, Oil 
Annealed 


told | Bena 


Note: Figures under the Number 
of the Steel indicate Heat 


A. 


Example : 950, 665, Oil, 25 means 
Quenched at 950°C., 
Ternper Drawn to 665°C. ; 
Quenching Medium : Oil. 


Brineli Hardness Numeral 
Proportional Limit in 10 000 


Fic. 2.—Results of Mechanical Tests on High-Carbon Steel. 
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diameter. The distance from the center of the pin to the edge 
of bending contact was 5in. The bar was placed in the machine 
so that the side previously in tension was again subjected to 
tension and then bent to rupture or the greatest bend obtain- 
able; the bend being measured in degrees of circular arc. 

Hardness.—The Brinell hardness tests' were made on the 
transverse test specimens by measuring the permanent depth 
of indentation for successively applied loads and determining 
from the linear relation of load to depth, the amount of load 
required to produce a permanent indentation 0.1 mm. in depth. 
The diameter of the ball used was 10mm. _ The scleroscope test 
was also used for determining the hardness. The hardness tests 
were made perpendicular to the plane of rolling of the steel 
bars. 

In Fig. 2 the stress at the proportional limit, the bend in 
degrees and the Brinell hardness are graphically compared. 

_ The hardness values of the different bars plotted in Fig. 2 
are in all cases a mean of two or three values. The hardness 
of the bars which lie between hardness numerals 1500 and 1800 
kg. are fairly uniform. Below 1500 hardness numeral many of 
the bars vary from 10 to 30 per cent from one end to the other. 
Many of the apparent inconsistencies of the transverse and cold- 
bending tests can be accounted for by the inhomogeneity shown 
to exist by the hardness test. Bars R4 and LI ruptured in 
‘transverse test at a permanent set of only a few millimeters, 
while bars 30 per cent harder bent to an angle of 60 to 70 deg. 
The inhomogeneity of these bars as shown by the hardness tests 
is probably sufficient to account for the low ductility. The 
hardness of the two bars mentioned varied 30 per cent from one 
end to another. In the transverse test the externally applied 
load demands that the hard and the less hard part of the bar 
shall extend on the tension or compress on the compression side 
at the same rate. Since the steel cannot meet these conflicting 
demands it may break with less display of ductility than if the 
hardness was greater but uniform. 

An inspection of the curves in Fig. 2 shows that steels which 
have nominally received the same heat treatment are widely 


1 For particulars concerning these tests see Proceedings, Am. Soc. Test, Mats., Vol. XI, pp. 
709-732 (1911). 
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different in their mechanical characteristics. This is shown 
more in detail by the results in Table I. The four steels in this 
table cover a large part of the range of results obtained by 
different thermal treatments. It is difficult to believe that one 


TABLE I.—RESULTS OBTAINED ON BARS SUBJECTED TO SAME NOMINAL 
HEAT TREATMENT. 


Heat Treatment, Sphere Hardness 
No. of | temperature in deg. Cent. Numeral, kg. Proportional| Cold 
ar | | Temper- . per sq. in. degrees. 

Quenched) Drawn ature of |End No.1. End tes! Mean. 

at to Oil. | | 
Beata 760 583 | 24 1821 | 1 335 1578 141 000 121.5 
AP ee 760 583 24 1705 | 1765 1735 159 800 64.0 

| | 
it awaed 760 | 583 | 24 1488 | 1515 1501 | 137 500 157.0 
| | 

Boas bak 760 583 24 1 268 | 1 162 1215 | 100 900 123.0 


end of a steel bar, 10 in. long, exposed to the air a fraction of a 
second longer than the other end, could drop below the critical 
temperature. Possibly the difference in hardness of the two 
ends was due to the increase in temperature of the quenching 


TABLE II.—EFFECT OF QUENCHING AT DIFFERENT TEMPERATURES. 


} Heat Treatment, | Sphere Hardness 
temperature in deg. Cent. Numeral, kg. : 

No. of ES Proportional 
Steel | mit, 
Bar. Quenched Drawn | Temper- End End Mean _ !b. per sq. in. 

at te ature of | Immersed | Immersed || Value. | 
Oil. First. | Last. | 
Tested as received | 1136 | 113500 
ir a 735 .. | 68 | 1882 1012 1 282 | 118 700 
60 | 1751 1197 1474 | 128500 
| 875 | -| 1785 1 623 1704 | 151800 
| 935 — | 2 392 2 300 2 346 | 154 700 
ae 985 24 | 2457 2 352 2 404 | acta 
| | 
800 25.2 1 505 1 480 | 1492 


medium causing the end entering last to receive a slower cooling 
through the critical temperature. . 

The hardness and proportional limit of seven other steels 
are given in Table II. It will be seen that the steels quenched 
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at the lower temperatures are hardest at the end entering the 
bath first. Precautions for obtaining a uniform quench were 
observed, such as stirring the specimen in the bath after immer- 
sion. The temperature of the bath rose after the quenching 
of each bar. The specimens quenched at the lower temperatures 
are comparatively soft, inhomogeneous and have a low pro- 
portional limit. Another bar, No. 7, was subsequently quenched 
at a lower temperature than bar No. 3, but the temperature 
of the oil was held at 25°.2 C. The hardness results obtained 
show that careful control of the temperature of the quenching 


TABLE III.—VARIATIONS IN MECHANICAL PROPERTIES OF BARS RECEIVING 
SAME HEAT TREATMENT, PROBABLY DUE TO VARIATIONS IN 
TEMPERATURE OF OIL. 


| 
| Heat Treatment, | 


Sphere Hardness 
No. of | temperature in deg. Cent. 


| | 
| at to Oil. | | 

HIR.... 760 | 407 24 | 1754 1 709 138 700 | 64.0 
H5R... 760 427 31 1592 | 1 587 | 1589 | 144100 | 79.0 
H6R... 760 | 427 32 1530 | 1555 | 1542 146200 51.0 
H7R..., 760 | 427 35 1 620 1605 | 1612 155 000 55.5 
HIOR... 815 427 34 1 660 1755 | 1707 14260000 73.5 
HI2R.. 815 427 37 1 620 1615 | 1617 152.700 | 69.5 
H13R. | 815 427 35.5 | 1700 1 678 | 1689 | 143900 | 62.0 
H14R. + 815 | 427 37 | 1680 1634 | 1657 152 200 63.0 


medium is as important as the control of the temperature of the 
furnace. 

The detailed test results of two sets of bars quenched at 
two different temperatures are given in Table III. The results 
on these bars seem to indicate that comparatively small changes 
in temperature of the quenching medium play an important 
part in the heat treatment of steel. 


EFFECTS OF QUENCHING IN WATER OF DIFFERENT 
TEMPERATURES. 
When bars were quenched in oil by immersing one end 
before the other, the results show that the hardness may differ 
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considerably from end to end. When steels were quenched in 
water, to make the quenching or hardening as uniform as pos- 
sible, the bars were immersed by allowing them to drop in the 
bath with their length parallel to the surface of the water. 
Table IV gives the results of hardness, proportional limit and 
cold bend for the steels quenched in water. The fact that the 


TABLE IV.—REsULTS ON STEELS QUENCHED IN WATER OF DIFFERENT 


TEMPERATURE. 
Heat Treatment, | Hardness 
No. of temperature in deg. Cent. | (Tested on Flat.) | Proportional} Cold 
Bar. Tem Ne y ib. per sq. in. 
per-| Near 
ature of | Edge | Near Edge | Mean. 
| Water. | No. 1. | Middle.) No.2. 
800 | ... | 100 | 1020 | 1037 | 1046 | 1031 | 91.900 
| | | | 
sol | 100 | 1056 1068 1042 | 1055 85400 | 168! 
| | | | 
sol |... 76 1660 | 1175 | 1296 1377 81750 | 168! 
798 52 | 2440/1390 5065 2965. ...... | 6 
| | 
H11R..| 798 | 655 52 891 950 | 968 | 936 ...... 
|... 75 1725 | 1212 | 1363 1433 | 83200 136 
| 
H3R...| 813 | | 1570 1178 4230 2326 89 550 5 
| | 
HBR.. | 813 | 655 50 958 | 935) 948) 947 | ...... 
815 | 40 | 1420 | 2000/1810! ...... 
R6. | 815 | 700 40 893 | 873 | 882 | 882 ee 
K1. | | 330 | ... | 
| | | 
| 30 | 4630 | 1598 | 1553 | 2660| ...... | 
me...) ... | ... ame) ..... 
| | | | | 
K3....| 800 1530 | 5750 | 3640 
K3 | | 565 | | 1 332 | 1 233 | 1232 | ...... 


I ‘Did not break. 


edges of the bars quenched in water at 75° C. or under show a 
considerable increase in hardness over the center, must of course 
be attributed to the geometry of the specimen; the square sides 
giving a quicker cooling through the critical temperature. 
Some of the water-quenched specimens show a difference in hard- 
ness between the two edges of the bar which points to the same 
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conclusion reached regarding the oil-quenched specimens, namely, 
that the quenching raises the temperature of the bath, pro- 
ducing a slower cooling through the critical range and a con- 
sequent loss in hardness. Since water at 100° C. under 
atmospheric pressure cannot rise in temperature it would make 
an ideal quenching medium from the standpoint of uniformity. 

Bars H11R and H3R bent only 6 and 5 deg. respectively, 
and the fracture showed plainly a different structure from edge 
to middle. If these bars had had a uniform hardness no 
greater than that existing at the middle of its width, the angle 
of bend would, no doubt, have compared favorably with bars 
Nos. 3 and 4. The low hardness at the middle of the width of 
bars quenched at 800° C. in water at 50° C. is difficult to account 
for. Bars quenched at 800° C. in oil at 25° C. show a uniform 
hardness greater than the minimum found on the water-quenched 


Fic. 3.—Tension Test Specimen. 


specimens. The differences in hardness that exist in the water- 
quenched specimens are wholly or in part removed, depending 
on the drawing temperature to which the bars are subjected. 


TENSION TESTS OF HIGH-CARBON STEELS. 


Steels which have been heat-treated to bring out their 
best qualities are very seldom used in pure tension. That is 
one reason why the transverse test was chosen to determine the 
proportional limit and the cold-bend test as a measure of the 
relative ductility. However, the transverse test if carried to 
rupture gives no idea of the ultimate strength of steel, for it is 
a well-known fact that the modulus of rupture obtained from 
this test is of no real value in the judging of steel. The tension 
tests are a more standard means of judging strength and ductil- 
ity in steel and a knowledge of these properties makes compar- 
isons with other steels easier. Therefore, a few specimens cover- 
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ing a large range of hardness were tested in tension. 
of these specimens is shown in Fig. 3. 


are given in Table V. 


The form 


The results of the tests 


TABLE V.—RESULTS OF TENSION TESTS ON CARBON STEELS. 


Heat Treatment, | | Reduc- 
No. of temperature in deg. Cent. Proportional| Ultimate | tion in| tion of 
Q imit, 5in., | Area, 
. uench- | Temper- per sq. in.|Ib. per sq. in.! per per 
Quenched) Drawn ing ature of ‘| | cent cent. 
to | Bath. | Bath. 
= 
| ae 815 455 Oil | 20 | 113 500 199 500 | 7.0 7.8 
| 
Bk acta 825 455 7" |, 20 | 113 500 214300 | 6.0 13.2 
R4 815 585 - | 20 102 500 156 700 | Pe 8.5 
| 
R5 815 655 20 | 70 000 127 800 11.5 22.0 
R6 815 700 Water 40 | 80 100 106 000 14.4 33.6 
ee 815 700 | Water | 50 | 76500 106500 | 15.0 | 33.0 
| 


An idea of the ductility and strength of bars tested in trans- 
verse and cold-bend tests may be obtained by comparing the 


TABLE VI.—THE RELATION BETWEEN THE BRINELL TEST AND THE 
ULTIMATE STRENGTH. 


| Heat Treatment, 


Brinell Hardness 


Ultimate Strength, 


| temperature in deg. Cent. Numeral, kg. lb. per sq. in. 
No. of | | 
Steel n-|T lated | Results 
bar. uence Drawn | | Quene - | femper-| End | End from of 
to | ing ature of | No. 1. | No. 2. | Boone. Sphere | Tension 
Bath. Bath. Hardness, Test. 
| | | Numeral. 
R3..... 825 | 455 Oil 20 1930 | 1891 | 1910 | 216500 | 214 300 
aes 815 | 455 - 20 1941 1 569 | 1755 | 200 500 | 199 500 
| 
a ‘| 815 585 °F 20 1250 | 1201 1225 | 146000 | 156700 
ee | 815 | 655 ” 20 1012 998 | 1005 | 123400 | 127800 
S2.....] 815 | 700 | Water | 50 878 | 884 | 881 | 110600 | 106 500 
ae 815 | 700 | Water 40 | 873 | 893 | 883 | 110800 | 106000 


tension-test results with results obtained on bars of similar hard- 
ness, shown in Fig. 2. 

The Brinell hardness results obtained on the tension test 
bars are given in Table VI. 
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The values of ultimate strength in pounds per square inch 
calculated by using the relation between Brinell hardness and 
ultimate strength, obtained on various chrome-vanadium and 
other alloy steels,! are also given in Table VI. 

In Table VII are given the ultimate strength of chrome- 
vanadium steels in different states of heat treatment both as 
calculated from the Brinell test and as obtained in tension test 
on a standard 2-in. gage length, threaded-grip tension specimen. 
The ultimate strength can be obtained from the Brinell hardness 


TABLE VII.—ULTIMATE STRENGTH CALCULATED FROM SPHERE HARDNESS 
NUMERAL FOR CHROME-VANADIUM STEELS. 


| 
Ultimate Strength, lb. per sq. in. 


“Numeral, | Calculated from | Results of 
Hardness Numeral. Tension Test. 
1346 | 158 500 | 155 000 
| 1459 | 170 200 171 000 
789 | 101 500 102 100 
815 | 104 000 103 600 
Gijescckcnascsuiens | 968 116 800 | 116 000 
| 1 333 | 157 200 154 000 
Miceenvetieueeees 1315 155 500 150 000 
| 1 509 175 500 179 200 


1278 151 800 146 000 


test with equal accuracy for the alloy steels and high-carbon 
steels.2 This is contrary to the findings of different Continental 
investigators who advised that slightly different coefficients be 
used for steels of different carbon content in calculating ultimate 
strength from Brinell hardness. The special method used in 
determining the hardness may account for the fact that one 
coefficient can be used. 


1 Proceedings, International Association for Testing Materials, New York Congress, 
1912. 

2**The Brinell Hardness Test and Its Practical Applications,” Fourth Congress of the 
International Association for Testing Materials, Brussels, 1906. 
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CONCLUSION. 


This paper has dealt in some detail with the inhomogeneity 
found in hardened steel, because the idea is more or less prev- 
alent that the hardness test is useful only in a restricted sense. 
It has been said that it tests only a small portion of a given bar 
and therefore can not be representative even of a large test 
specimen. If several Brinell tests are made on inhomogeneous 
heat-treated steel, an average quality factor can be obtained 
for the steel by this hardness test as well as by a tension or 
transverse test that can from its very nature yield nothing but 
an average value. If a bar of homogeneous heat-treated steel 
is to be tested, a few hardness tests can be made and the fact 
ascertained, whereas a whole specimen when tested in tension or 
transversely gives but small indication of homogeneity. 

Some work has been done towards relating the results of 
hardness and transverse tests in the excellent report of the 
Spring Steel Committee of this Society.!_ In this paper no attempt 
has been made to show a definite relation between the results 
of these tests because it soon became apparent that the same 
nominal heat treatments did not produce like results. Much 
of the work has been done to discover the reasons responsible 
for this failure; for it is evident that no test can identify a steel 
as having had a certain heat treatment unless a standard result 
for that particular heat treatment has been ascertained. 

Another reason for not attempting to definitely relate the 
results of different tests is that the work is as yet incomplete, 
and was presented at this time in the hope that its further 
progress might be benefited through discussion and suggestions. 


1“*Report of Committee A-7,"" Proceedings, Am. Soc. Test. Mats., Vol XI, p. 115 (1911). 
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DISCUSSION. 


Mr. GAETANO LanzA.—I should like to ask the speaker Mr. Lanza. 
whether he used any spans longer than 9 in., and if so how the 
results compared with those obtained with the 9-in. spans. 

Mr. R. P. DeEvries.—No, because we continued to use Mr. Devries. 
the same span, or approximately the same that the Pennsylvania 
Railroad Co. had been using in their testing laboratory, and 
which was reported upon, I think, a few years ago in the report 
of the Committee on Spring Steel.! 

Mr. Lanza.—The result of my own experience has been Mr. Lanza. 
that the value of the elastic limit obtained in experiments of 
this character gradually decreases as the span increases, until 
a span is reached at least as great as 18 in., and that with spans 
of from 18 to about 40 in. the values obtained for elastic limit 
do not vary greatly. Moreover, these longer spans conform 
better with the spans employed in practice. 

Mr. Devries.—I might say in reply, that a high elastic Mr. Devries. 
limit is what we were looking for. We have found that it is 
possible to obtain greater hardness in a steel, which also indi- 
cates a greater ultimate strength, by raising the quenching 
temperature. We found at the same time, however, that this 
treatment does not increase the elastic limit; in fact, the elastic 
limit is often lowered by this operation. 

I am glad to learn of the influence of span on the results of 
transverse tests and hope to profit by it in the future; in the 
past we were most concerned to find by relative tests how to heat- 
treat a 1-per-cent-carbon steel so as to make it best for spring 
purposes. 


1“Report of Committee A-7," Proceedings, Am. Soc. Test. Mats., Vol. XI, p. 115 
(1911). 
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RESISTANCE OF STEELS TO WEAR IN RELATION TO 
THEIR HARDNESS AND TENSILE PROPERTIES. 


By GerorGE L. Norris. 


The increasing speeds and heavy duty of machinery and 
motive power with resultant shortening of length of service of 
parts through rapid wear, makes the study of wear-resisting 
qualities of metals, especially steel, one of increasing importance. 
In the railway field the increasing wear of tires and rails due to 
increased loads and speeds is a serious matter. Not only is it 
desirable to have high resistance to wear, but it is necessary to 
have other qualities, strength and toughness, to insure against 
failure or breakage. The tests described in this paper were 
undertaken with the object of studying the relations, if any, 
between the wear-resistance of various steels and the various 
physical properties of elastic limit, tensile strength, and hard- 
ness. Owing to several protracted interruptions, only a 
relatively small proportion of the tests projected have so far 
been completed. 

There are three classes of wear: 

1. Abrasion, such as that to which grinding, crushing and 
excavating machinery is subjected; 

2. Lubricated sliding or rolling friction, such as that upon 
machine parts, axles, shafting, etc.; 

3. Dry rolling friction, such as that between wheels and 
rails. 

Abrasion.—The first class is in many ways less important 
than the other two. It has, however, been utilized frequently as 
a means of comparing the wearing qualities of metals for all three 
classes. The machines for the purpose are some form of grinding 
machine, and the specimens are ground or abraded under a 
constant pressure for a certain length of time. The amount of 
metal removed under these conditions determines the relative 
wearing value. The most extensive investigations along this 
line were made by F. Robin, and published in the Proceedings 
of the British Iron and Steel Institute, 1910. 
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Lubricated Friction.—Investigations of wear by lubricated 
friction have been in the past largely confined to bearing metals 
rather than to steel. This has been due undoubtedly to the fact 
that steel is usually worked against soft bearing metals or 
bronzes, which wear much faster. 

The investigation of the wear-resistance of steel and iron 
under lubricated friction, however, is growing more important 
with the increasing severity of the requirements of service. Prob- 
ably the most satisfactory machine for testing wear under 
lubricated sliding friction is the Derihon machine. This machine 
consists of a hard steel disk revolving in oil, and against the edge 
of which is pressed the test specimen. E. Nusbaumer, engineer 
of the Derihon Steel Works, describes this machine and some 
tests made with it, in the Proceedings of the Fifth Congress 
of the International Association for Testing Materials, 1909. 

Dry Rolling Friction—Wear by dry rolling friction is the 
most important, especially when we consider the vast tonnage 
of steel in service in the form of rails, wheels and tires. 

A machine for investigating wear under dry rolling friction 
was described by E. H. Saniter in the Proceedings of the British 
Iron and Steel Institute, 1908. It consists essentially of a revolv- 
ing test specimen which drives by friction the inner ring of a 
ball bearing, the outer ring of which is stationary and loaded. 

At the Sixth Congress of the International Association for 
Testing Materials, Mr. Saniter presented a report on “Hardness 
Testing and Resistance to Mechanical Wear,’ and gave a 
summary of the results obtained by Robin, Nusbaumer and 
himself of the investigation of each of the three classes of wear. 
The general conclusions of Mr. Saniter were “‘that while a high 
Brinell number may be expected to give better wear, there are 
sO many exceptions that its use for the purpose of indicating 
wearing properties is unreliable as far as the methods of wear 
testing reviewed are concerned.” 

The investigations of the author have been confined so far 
to the third class of wear, dry rolling friction. The machine 
used is a modification of Dr. Stanton’s fatigue testing machine, 
described by him in the Proceedings of the British Iron and 
Steel Institute, 1908. 
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Details of the machine are shown in the illustrations, Figs. 1 
and 2. It consists essentially of three case-hardened rollers, 
34 in. in diameter. The two lower rollers are driven by gears, 
while the third and upper roller, is driven by friction. The upper 
roller is carried in the lever by which the load is applied to the 
test specimen. It is possible with this machine to apply a load 
of 1000 Ib. on the specimen. The rollers each have a groove in 


2’9" 


Fic. 1. 


the middle, } in. wide, to take the corresponding band on the 
test specimen and so keep it from lateral motion. If the rollers 
all revolved at a uniform speed the amount of wear on the test 
specimen would be very slight, practically nothing, as there 
would be no slippage of the test specimen. In order to accelerate 
the wear and to approximate as nearly as possible the actual 
wearing conditions of wheels and rails, the two lower rollers are 
driven at different speeds to produce a slippage of the specimen. 
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This is accomplished by having two less teeth in one of the driv- 
ing gears. 

The test specimens are 2 in. long and { in. in diameter; the 
guide band is % in. larger in diameter and a scant } in. wide. 
They weigh about 160 grams and can be accurately weighed 
on a chemical balance to one-tenth of a milligram. The 
diameters of the specimens which this machine will accommodate 
vary from 3 to 13 in. 


Fic. 2. 


The driving speed of the machine is 1000 r.p.m., and the 
speed of the test specimen is about 5000 r.p.m. 

The usual run before weighing is 100,000 revolutions of one 
of the driving rollers, corresponding to practically 500,000 
revolutions of the test piece. In the tests the results of which 
are given in Table I, the applied load was 224 lb. or 100 kg. 
Excepting in the cases there noted, the specimens were all turned 
from rolled bars 1} in. in diameter. 
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While the tests show a general decrease in the amount of 
wear, as the hardness and strength increase, the progression is 
very irregular, and there are several instances where softer steels 
show less wear than the harder ones; as for example, steels 12 and 
E-1, C-1 and F-1. 

It is evident that the composition of the steel influences 
the resistance to wear to a very considerable degree. Robin in 
his investigations found that nickel, chromium and vanadium 
each increased the resistance of the steel to wear. Nusbaumer 
in his tests found remarkable resistance to wear of low-carbon 
steels with manganese about 1.5 per cent. Saniter on the 
contrary did not find increased resistance to wear in the case 
of the few alloy steels he reported, excepting for a high man- 
ganese steel of the Hadfield type. His chrome-vanadium and 
nickel-chrome steels gave greater wear with greater hardness 
than simple carbon steels of about 0.70 per cent carbon and 0.60 
per cent manganese. 

The tests which I have made confirm the conclusions of 
both Robin and Nusbaumer, and also those of actual service 
experience: that manganese, nickel, chromium, and vanadium 
have a marked effect on the wearing qualities of steels. Man- 
ganese apparently has a greater effect than either nickel or 
chromium. Vanadium, however, evidently has a much greater 
effect than either of these three elements, as it requires only a 
very small percentage to produce a marked increase in resistance 
to wear. This is very apparent in steels E-1 and F-1, and C-1 
and D-1, each of which pair are practically alike, except for 
vanadium. 

As stated in the beginning of this paper, these tests are only 
a small proportion of those planned, and it is the intention to 
cover not only a considerable range in composition and heat 
treatment, but also to study the effect of rollers of different 
composition and hardness on the rate of wear of the various 
steels. 
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Mr. Fowler. 


Mr. Devries. 


Mr. Norris. 


DISCUSSION. 


Mr. GeorGE L. FowLer.—I have been very much inter- 
ested in the paper, but, as I understand it, these abrasion tests 
were made with different metals against a constant rubbing sur- 
face. ‘That method, I think, will not always serve to show the 
relative wearing qualities of the metals under test. In inves- 
tigating trouble with the wear of gears and pinions some years 
ago it occurred to me that possibly the combination of the two 
particular kinds of metal used might have something to do with 
the abnormal wear. Small slabs were therefore cut from them 
and rubbed against each other at a constant temperature. The 
wear of those little pieces was found to in almost exact ratio to 
the wear of the pinions and gears, both for those that were giving 
good service and for those that were giving bad service. By 
simply making such combinations as did not show very much 
abrasion, we succeeded in doing away with excessive wear. It 
was a case where one kind of metal could not be so lubricated 
as to run well against another metal, although under the ordi- 
nary abrasion test there was practically no difference between 
the four or five different kinds of metal that we were using.! 

Mr. R. P. Devries.—Where this test is made for testing 
the wear of steel, I should like to know whether it could be 
adapted for testing the wear of knife edges of large platform 
scales and whether it would take into account such a factor as 
that the load comes on those scales with a kind of surging 
movement; that is to say, the entire load probably produces 
some displacement. 

Mr. GeorcE L. Norris.—These tests are made primarily 
to determine wear by dry rolling friction, not lubricated friction 
as referred to by Mr. Fowler, and especially to get some idea of 
the wear of tires and wheels on rails. With this object, the 
machine is arranged so as to get a slippage, such as we get with 
wheels on rails. While the tests here presented were all made 


1For a more detailed discussion of this subject by Mr. Fowler, see Proceedings, Am. 
Soc. Test. Mats., Vol. XI, pp. 830-832 (1911).—Eb. 
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with test specimens on case-hardened rollers, it is the intention Mr. Norris. 


to test these same specimens on rollers of various materials, 
such as chilled cast iron and steel of tire quality and rail quality. 
We want to find if there is any difference between the wear 
with rollers of these materials and case-hardened rollers. 

In answer to Mr. Devries’ question, I would say that I do 
not see how this machine could be used for his purpose, because 
the machine is composed of rollers and the specimens are rolled. 
Scale-knife edges would have a sharp edge which I presume is 
subject to breaking down due to a surging action on the plane. 
For this reason the wear would depend largely, if not entirely, 
on the hardness and toughness of the steel. For this purpose 
I understand high-speed steel is very generally used on account 
of its very high compressive strength and hardness. 
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MAGNETIC CRITERIA OF THE MECHANICAL 
PROPERTIES OF A ONE-PER-CENT- 
CARBON STEEL. 


By CHARLES W. BurRROwS. 


INTRODUCTION. 


This paper is a report of progress of a portion of an inves- 
tigation of the relations between the magnetic, electric and 
mechanical properties of steel, carried on in the laboratories 
of the Bureau of Standards. In addition to the facilities of the 
magnetic, mechanical, heat, and chemical laboratories of the 
Bureau we have had the cooperation of the Pennsylvania Rail- 
road Co., both in the matter of the supply of steel materials and 
in technical assistance in the person of a representative. 


THE PROBLEM. 


Many of the properties of a piece of steel at a given temper- 
ature can be defined in terms of a single numeral. This is true 
of tensile strength, modulus of elasticity, elastic limit, electric 
resistance, or heat conductivity. If, for example, the modulus 
of elasticity of a bar is given, we know at once the elongation 
that will correspond to any tensile stress less than the elastic 
limit. 

Certain other characteristics, however, are not so simply 
defined. The magnetic permeability is the most striking of 
those properties which require for their definition more than 
a single numeral. The magnetic permeability, or the ratio 
of the magnetic induction to the magnetizing force, is not a 
constant for a given material but is a function of the actual 
induction to which the bar is magnetized. Thus a bar of steel 
has associated with it, not a single magnetic constant, but rather 
an infinite number of such constants. 

Each one of these magnetic constants is comparable to 
such a mechanical constant as tensile strength or the Brinell 
hardness, in that it is a function of the chemical composition, 
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the mechanical treatment, and the heat treatment. The mag- 
netic behavior of a bar of steel is determined by its chemistry 
and previous history. These in turn determine not only the 
magnetic properties, but all other characteristics as well. Fur- 
thermore, all the data available for material that is reasonably 
homogeneous seem to indicate that this is a one-to-one corres- 
pondence; that is, a given complete set of magnetic characteris- 
tics corresponds to one and only one set of other characteristics. 
_ If this one-to-one correspondence exists there is no theoretical 
reason why all the physical and chemical properties of a bar of 
steel should not be expressed in terms of its magnetic 
constants. 

The problem is closely analogous to that of the mathe- 
matician who attempts to express a given analytical function 
in an infinite power series of a single variable. Practically, 
it will be possible if the differences between two sets of magnetic 
data due to small differences in physical or chemical condition 
are great enough to admit of precise measurement. 

From the infinite number of magnetic constants which a 
given specimen possesses, and the great magnetic sensitive- 
ness which it shows toward slight variations in physical con- 
dition, we may well hope to read the complete story of the 
steel written in magnetic characters. 

The task of learning to read in the language of magnetism 
is very difficult. We must begin with things as simple as pos- 
sible. Consequently, in the beginning we have restricted our- 
selves to samples of steel of approximately the same chemical 
composition and varied only a single condition, the heat 
treatment. 


MAGNETIC CHARACTERISTICS. 


The curves of Fig. 1 show a portion of typical induction 
and hysteresis data for a bar of annealed 1-per-cent-carbon 
steel and for a bar of hardened material of the same composition. 
These two curves show characteristics which are more or less 
typical of the soft and hard states of any steel. 

The normal induction curve for the soft steel at initial 
inductions lies above that for the hard steel. The difference 
in induction for the same magnetizing force increases up to a 
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certain point, when the difference begins to decrease. Finally 
at a magnetizing force of 180 gausses the two curves intersect. 
Above this point of intersection the harder material shows a 
higher induction than the annealed material. Similar obser- 
vations may be made if we consider the differences in mag- 
netizing forces necessary to produce the same induction. 

For the hysteresis loop, only the descending portion between 
the tip of the loop at an induction of 14,000 gausses and the 
coercive force is shown. The residual induction, or that induc- 
tion which remains when the magnetizing force is removed, is 
greater in the annealed bar than in the hardened bar. The 
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Fic. 1.—Portion of Typical Induction 
and Hysteresis Curves for Annealed 
and Hardened Steels. 


coercive force, or that magnetizing force which when reversed 
reduces the induction to zero, is less for the soft material than 
for the hard. Between the points represented by the residual 
induction and the coercive force, the two hysteresis loops cross 
each other. 

The mechanical properties of these two steels are as widely 
different as their magnetic characteristics. The annealed 
material has a relatively low mechanical strength, a low Brinell 
hardness numeral, and a low resistance to abrasion. The hard- 
ened material, on the other hand, has a much higher mechanical 
strength, a higher Brinell numeral, and a greater resistance to 
abrasion. In general the hardened material has all the proper- 
ties of a correctly treated spring steel. 
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If we were to draw conclusions from this one set of data, 
we might say that a high residual induction goes with mechan- 
ical softness and a high coercive force goes with great strength. 
In a great many cases these conclusions hold. However, as 
these two magnetic constants are not so readily obtained as 
others, which at first sight seem more promising, they have 
not been fully investigated as yet. A comparison of the perme- 
abilities of the two induction curves shows that the higher per- 
meability corresponds to the softer material at low inductions 
and to the material of greater strength at the higher inductions. 

Since the engineering requirements demand a combination of 
toughness and strength, it seemed worth while to examine more 
fully points along the normal induction curve in the hope of 
finding a criterion of a suitable combination of this sort. 


VARIATION OF NORMAL INDUCTION WITH DIFFERENT 
HEAT TREATMENTS. 


Fig. 2 shows the complete normal induction curves for ten 
pieces of steel of approximately the same composition, but with 
different heat treatments. The upper three curves are from 
unhardened material, including both annealed and unannealed. 
The lowest curve is from water-quenched or glass-hard material. 
The remaining six curves are from specimens which were given 
different treatments, any of which would be considered a sat- 
isfactory treatment for a spring steel. 

Those specimens which were unhardened form a group 
distinct from the others. Their curves are not coincident, but 
lie fairly close together and cross each other at a magnetizing 
force of about 50 gausses. In some cases two curves will cross 
more than once. Because of this crossing those curves which 
are higher initially are usually lower at the high inductions. 

The curve for the glass-hard specimen is*widely separated 
from the curves of the unhardened steels and could be distin- 
guished from them very readily if any single point of it was 
known. If our problem were simply to distinguigh between 
steels which were too soft, due to omission of the proper quench- 
ing process, and those too hard, due to such gross treatment as 
the above, the solution would be very simple. 

The middle group of curves represents steels which have 
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been given treatments that are not open to any very serious 
objection. They fall into a group which is clearly differentiated 
from the soft and the brittle steels. For all magnetizing forces 
below 100 gausses the separation is complete. For higher 
values, however, the properly treated and the unhardened 
curves coalesce. Among themselves the properly treated steels 
show curves that in their initial portions are close together. 
Above a magnetizing force of about 40 gausses, however, they 
separate and the individual curves are readily distinguished. 
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Fic. 2.—Normal Induction Curves for a Spring 
Steel after Various Heat Treatments. 


As far as the curves of Fig. 2 are concerned we might expect 
to find a satisfactory criterion of the nature of the resulting steel, 
by considering either the differences in magnetizing forces neces- 
sary to produce some moderate induction, as 10,000 gausses, 
or the differences in inductions at some such magnetizing force 
as 50 gausses. Many specimens were examined in these ways 
and the results are quite encouraging. 


CHEMICAL COMPOSITION. 


Before going further it may be well to examine the influence 
of slight variation in chemical content. 
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Fig. 3 shows what differences may be expected between 
two annealed specimens of steel which, from the engineering 
point of view, might be considered as having practically the 
same chemical composition. Two annealed samples of each 
chemical composition were examined and were found to have 
practically identical magnetic characteristics. With the two 
grades differing by about 0.1 per cent carbon we find the higher- 
carbon steel is the more permeable at the lower inductions and 
the less permeable at the higher inductions. At a magnetizing 
force of about 50 gausses however the two curves cross. This 
crossing would seem to indicate that, for annealed steels of 
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Fic. 3.—Difference between Annealed Specimens 
of Slightly Different Chemical Composition. 


approximately 1 per cent carbon, slight variations in the car- 
bon content have a negligible influence on the induction at a 
magnetizing force of 50 gausses. 

The next three figures show some comparisons between 
the magnetic induction at a magnetizing force of 50 gausses 
and certain mechanical properties. 


Maximum FIBER STRESS. 


In Fig. 4 the maximum fiber stress at the proportional 
limit is plotted against the induction at a magnetizing force of 
50 gausses. The mechanical data were taken by a transverse 
test and while the numerical values may not be strictly com- 
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parable with tensile tests, they are quite satisfactory for a 
comparison. The curve shows several points of interest. The 
highest induction corresponds to the lowest mechanical strength. 
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Fic. 4.—Relation between Maximum Fiber Stress in 
Pounds per Square Inch at the Proportional Limit and 
Magnetic Induction under a Magnetizing Force of 50 
Gausses for a 1-per-cent-carbon Steel. 
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Fic. 5.—Relation between Angle of Cold Bend and 
Magnetic Induction under a Magnetizing Force of 
50 Gausses for a 1-per-cent-carbon Steel. 


As the induction decreases the mechanical strength increases 
up to a maximum value, and with a further decrease in induc- 
tion the mechanical strength shows a decrease. It is to be 
noted that the decrease in induction follows very closely with 
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the increase in quenching temperature, other things being equal. 
The curve brings out the fact that a given maximum fiber stress at 
the proportional limit is given by more than one heat treatment, 
and that the magnetic data distinguish between these conditions. 


Benp TEsTs. 


In Fig. 5 the angles of cold bend are plotted against the 
magnetic inductions at a magnetizing force of 50 gausses. 
This curve shows an increase of the angle of bend as the induc- 
tion decreases, passes through a maximum, and finally decreases 
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Fic. 6.—Relation between Brinell Hardness and Magnetic 
Induction under a Magnetizing Force of 50 Gausses for a 
1-per-cent-carbon Steel. 


with further decrease in induction. The maximum bend occurs 
at a higher induction than does the maximum fiber stress. 

As far as it is safe to generalize from the limited data of 
Figs. 4 and 5, we may say there is a certain magnetic condition 
which corresponds to a proper compromise between maximum 
strength and maximum toughness. If the induction at a mag- 
netizing force of 50 gausses is greater than this value, the mate- 
rial is low in mechanical strength. If the induction is low the 
material lacks the requisite toughness. 


BRINELL HARDNESS. 


Fig. 6 shows a comparison between the Brinell hardness 
numerals and the magnetic data. The broken line gives the 


| 
| 
: 
1500 
a 
| 
a 
i 
+6 


578 BuRROWS ON MAGNETIC CRITERIA OF STEEL. | 
hardness numeral as recommended by Brinell—that is, the 
quotient of the total pressure on the sphere divided by the area 
of the spherical indentation. The solid curve represents the 
numeral according to the method of Devries, using the quotient 
of the total pressure divided by the depth of indentation.! 

The wide scattering of the observed points is due in great 
part to inhomogeneities of the material, as the specimens fre- 
quently showed a greater hardness near the edge than on the 
middle portions of the sides, and also showed variations along 
the length of the specimen. Because of these inhomogeneities, 
determinations of the hardness were taken at different parts 
of the bar and the average value used in plotting. These curves 
show a general increase in hardness accompanying a decrease 
in magnetic induction. 


SPECIAL HEAT TREATMENTS. 


From the data thus far presented it is evident that at least 
a partial separation can be made of the material which has 
been properly heat-treated from that which has not been so 
treated. The data from which Figs. 4 and 5 were obtained 
show variations from the mean curve as drawn greater than 
desirable. Variations may be expected due to inhomogeneity 
of the heat-treated test specimen, or to accidental errors in the 
measurements. All of the test specimens examined were of 
rectangular section with sharp edges. In water-quenched 
specimens the maximum hardness is found at the edges, and we 
believe that in many cases these edges exercise a marked in- 
fluence upon the magnetic and mechanical characteristics. 
With round bars, or flat bars with rounded edges, we would 
expect more concordant results. All measurements, however, 
were carried out very carefully and where possible they were 
verified, so that the number of accidental errors has been reduced 
toa minimum. Inhomogeneities were found to exist especially 
in those specimens which show the widest divergence from the 
mean curve. 

Another possibility is that the criterion which we have 


1A comparison of these methods is given in the Technological Papers of the Bureau of 
Standards, No. 11, “Comparison of Five Methods used to Measure Hardness,” by R. P. 
Devries. 
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tentatively assumed is not the best one. We choose as our 
criterion, the magnetic inductions at a magnetizing force of 
50 gausses. Quite possibly some other criterion would be better. 
For this reason we have in general throughout the course of the 
investigation obtained data in regard to the inductions at various 
magnetizing forces for each specimen. The resultant steel prod- 
uct that we wish to examine is a complicated one and has a 
number of qualities which must be controlled. Because of this 
it may be better to use not one but several of the possible mag- 
netic constants. This broadening out of the magnetic test 
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(a) 1-per-cent-carbon Steel. (b) 0.8-per-cent-carbon (1-per-cent- 
manganese) Steel. 
Fic. 7.—Effect of Special Heat Treatment on Magnetic Properties of Steels. 


might have been suggested from the curves of Fig. 3. This 
figure shows that slight variations in carbon content of the 
annealed samples produce little or no effect at a magnetizing 
force of 50 gausses, but that very considerable effects are pro- 
duced at higher or lower inductions. The preceding data were 
obtained with materials which, while they undoubtedly con- 
tained some inhomogeneities, were uniform in general. If the 
material has been given a heat treatment, which results in an 
inhomogeneity of structure between the core and the surface 
of the material, further investigation is required. In the remain- 
ing two figures, the material of the curves marked D are open 
to such a suspicion. The materials in the condition represented 
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by the curves behave mechanically as though they consisted of a 
tough core surrounded by a strong outer layer, quite analogous 
to case-hardened material. 

The material of Fig. 7 (a) was given a rather unusual treat- 
ment and yields data that do not fall on the mean curves of 
mechanical constants previously given. The curve for the 
material in the annealed condition is perfectly normal. The 
same is true of the material after quenching. This curve cor- 
responds very closely to that for the hardened material of Fig. 2. 
After drawing the material at the unusually high temperature 
of 565° C., it shows several quite marked characteristics. The 
initial induction is much lower than the annealed, but at higher 
inductions becomes much greater than that of the annealed. 
Mechanically the material is strong and tough. The maximum 
fiber stress is much greater than would be indicated by the curve 
of Fig. 4. From this figure and other similar data it seems 
probable that the ordinary hardness and mechanical strength 
will be in the inverse order of the inductions at some magnet- 
izing force less than 50 gausses, while the toughness will be in 
the direct order of the inductions at some force greater than 
50 gausses—possibly as high as 100 gausses. 

Fig. 7 (6) gives further data along the same line. This mate- 
rial is a lower-carbon steel and contains about 1 per cent of man- 
ganese. The lower portions of the curves arrange the specimens 
in the order of their mechanical strength. At magnetizing 
forces above 30 gausses the specimens have the same order in 
magnetic induction and in toughness. 

Whether the peculiar mechanical properties of the materials 
just mentioned are due to a strong tough homogeneous material, 
or to a tough interior and a strong exterior, the magnetic curves 
show sufficient individuality to distinguish material so treatéd 
from similar material treated otherwise. 


CONCLUSION. 


I have presented enough data to show that it is practically 
possible to distinguish between steel which has been properly 
prepared and that which has been improperly prepared. The 
magnetic properties are very sensitive to differences in mechan- 
ical structure, and from a knowledge of the complete magnetic 
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data the mechanical properties can undoubtedly be foretold. 
There is strong probability that only a limited portion of the 
magnetic data will be sufficient. The present investigation. 
has not progressed far enough to enable one to say just how 
little Gata will be sufficient or what constants will be most 
suitable. These questions cannot be answered until after much 
experimentation. 

In closing, let me say again that this paper is but a report 
of progress to let the members of the Society know that this 
investigation is being actively carried on and to encourage the 
work of others along similar lines. 
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RAIL FAILURES AND THEIR CAUSES. 
By M. H. WIickHorstT. 


Recent years have been active ones in the matter of investi- 
gations of rail failures by the railroads, the rail manufacturers 
and public service bodies, and it is proposed in this paper to 
consider our present information concerning the nature of the 
failures and their causes. 

From the standpoint of the visible condition of the failed 
rails most of the rail failures may be divided into three classes, 
as follows: 


1. Crushed and split heads; 
2. Broken rails (square and angular breaks); 
3. Broken bases (crescent breaks). 


In addition to these, there are other failures occurring in smaller 
numbers, such as “cracked webs” (horizontal longitudinal 
cracks through the web) and “transverse fissures” (transverse 
internal cracks in the interior of the head). 

Statistics concerning the rail failures occurring in the United 
States have been published for several years by the American 
Railway Engineering Association, and in Table I are given a few 
figures covering rail failures for the year ending October 31, 1911.! 
The tons are long tons of 2240 lb. and represent the tons of new 
rail laid. 

It will be noticed from this table that the failures in 1911 
per 10,000 tons of new rail laid were 31.0 for Bessemer steel, 
20.7 for open-hearth steel, and the average of all rails was 29.0. 

On the basis of number of rails, there was one failure per 
891 Bessemer rails, one failure per 1234 open-hearth rails, and 
one failure per 941 rails of both steels. This suggests that 
open-hearth steel is less liable to failure than Bessemer steel, 
but on the other hand it is probably true that the open-hearth 


1 Bulletin No. 147, Am. Ry. Engrg. Assoc., Vol. 14, p. 392 (July, 1912); also, Proceedings, 
Am. Ry. Energ. Assoc., Vol. 14, p. 392 (1913). 
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rails were in general of more recent manufacture and probably 
also contain more of the newer sections. The table cannot 
therefore be said to be conclusive in its indications in this 
respect. 

The table shows us that there was one failure per 941 rails, 
but we seem not to have general information of all the failures 
occurring during the full period of service of a lot of rails. As- 


TABLE I.—RAIL FAILURES IN 1911. 


Bessemer. | Open-hearth. Total. 
Tons of rails represented........... 10 088 706 2 600 008 | 12 688714 
Number of rails based on 30-ft. lengths) 27 866 348 6 622 736 | 34 489 084 
Number of failures: 
| 17 761 2 260 20 021 
2 450 515 2 965 
| 2898 806 3 704 
| 31274 5 367 36 641 
Failures per 10 000 tons: 
| 31.0 20.7 29.0 
Percentage of failures: | 
9 | 15 10 
100 | 100 100 
Number of rails for each failure... . .| 891 1 234 941 


suming, for the purpose of forming some idea of the order of 
magnitude of the average total failures in a lot of rails, that the 
average life of rails is 8 years, the total failures per lot of rails 
would average about one failure per 118 rails or something under 
one per cent. 

While the American Railway Engineering Association 
statistics above referred to indicate an improvement in the 
general failure performance from year to year in the last three 
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years that they have been kept, we still hear of occasional 
lots rolled in recent years that give very poor service. As 
an example may be mentioned a lot of 2500 tons of 80-lb. 
A. S. C. E. Bessemer rails rolled in September, 1909, and 
placed into track in October, 1909. Up to May, 1912, or in a 
period of service of 2} years, there were 510 failures classified 
by the trackmen as follows: 


Crushed head and flow of metal......................... 243 


This would be 2040 failures per 10,000 tons; or figured on the 
basis of 30-ft. lengths, there would be one failure in each 13.7 
rails in 2} years from the time the rails were put into service. 
I am advised that since May, 1912, other rails have been removed 
from track and still others at this writing (March, 1913) are 
- developing a condition that will necessitate their removal. 
Thus far about 7 per cent of this lot of rails have been re- 
moved from service on account of failures, mostly of the head, and 
it seems probable that finally the number may amount to 10 
per cent or more. This type’of failure, as will be explained, is 
to be attributed to the interior condition of the ingot from which 
the rail was rolled, described as segregation and its accompanying 
conditions. 


CRUSHED AND SpLit HEADS. 


Head failures are the most numerous and most of these may 
be described as crushed or split heads. This failure consists of 
an internal crack in the head running lengthwise of the rail any- 
where from a foot or two to several yards in length. The external 
appearance may show only a crushing of the head; but when 
broken, the rail will show a crack in the interior of the head 
running lengthwise of the rail. A specimen of this type of failure 
is shown in Fig. 1. This kind of failure is confined almost entirely 
to metal showing considerable internal segregation of carbon, 
phosphorus and sulphur, attended more or less with laminations 
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and slag seams'. Under wheel loads, the top of the head flows 
sideways and if the interior metal cannot likewise flow sideways 
due to internal flaws or due to brittle material in the interior, 
it develops a crack which grows and later forms a split head, 
the crack generally coming to the surface at the under side of 
the head at its junction with the web. Frequently the crack 
extends downward into the web and comes to the surface at 
the side of the web, and then the trackman is apt to report 


Fic. 1.—Sample of Split Head Rail. 


the failure as a web failure, whereas in reality it was a head 
failure. 

Split heads may thus be said to be due to lack of transverse 
ductility in the interior of the head, due mostly to segregation. 


BROKEN RaAIIts. 


The next largest class of rail failures is that called “broken” 
rails, including square and angular breaks; that is, the rail 
breaks through the whole section more or less vertically. This 


1 Proceedings, Am. Ry. Engrg. Assoc., Vol. 12, Part 2, pp. 469-493 (1911); also 
“Studies of Failed Rails,"’ by W. C. Cushing, ibid, pp. 230-384. 
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type of failure is most predominant in winter, particularly in 
severely cold weather, and may be termed “winter disease” 
of rails. The severe winter of 1911 and 1912 brought out a very 
abundant crop of such failures on the northern roads. An 
examination of the fractures of such rails shows that the fracture 
is upward through the section; that is, it starts from the base, 
and.the rails also show longitudinal cracks or seams at the 
bottom of the base. Mr. H. B. MacFarland, Engineer of Tests, 
Atchison, Topeka and Santa Fe Railway Co., has made an inter- 
esting report' in which he shows that most “broken”’ rails: were 


Fic. 2.—View of Base of a “Broken” Rail, showing Seam in Base and 
“‘Scalloped”’ Break across Base. 


accompanied by half-moon base fractures, which observation 
has also resulted from other investigations. Probably the most 
prominent feature of the appearance of most “broken”’ rails, is 
what may be called the “‘scalloped”’ fracture across the bottom of 
the base; that is, the fracture is not straight across the base but 
one side is concave or re-entrant with a sharp corner, while the 
other side is pointed and dovetails into it. The concave side of 
the fracture also generally shows a seam at the bottom of the 
base. A view of the bottom of a typical “broken” rail is shown 
in Fig. 2. 


1 Bulletin No. 147, Am. Ry. Engrg. Assoc., Vol. 14, p. 315 (July, 1912); also, Proceedings, 
Am. Ry. Engrg. Assoc., Vol. 14, p. 315 (1913). 
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SEAMS IN BASE OF RAIL. 


Rails frequently contain longitudinal surface seams, and 
in this connection a study of the behavior in the drop test of a 
rail containing seams in the bottom of the base is important. 
These base seams vary in depth from 0.01 to 0.1 in. and occa- 
sionally deeper. Fig. 3 gives a view of the vertical fractured 
surface of a piece of flange broken off from a new rail. showing 
a deep seam at the bottom of the base. 

When tested in the drop test in the usual manner, the rail 
ordinarily breaks at or near the place where hit by the tup due 
to exhaustion of the longitudinal ductility of the part in tension. 
Occasionally, however, when tested with the base in tension,— 


Fic. 3.—Vertical Longitudinal Fracture of Flange, showing Longitudinal 
Seam in Bottom of Base of a New Rail. 


‘that is, with the base resting on the supports,—the fracture 
-occurs near one of the supports. A view of the base of a rail 


broken in this manner is shown in Fig. 4. This was a 100-lb. 
rail broken in the drop test with the base in tension, supports 
3 ft. apart, and given one blow of a 2000-lb. tup from a height 
of 20 ft. The impression left on the base by the support was 
chalked to show up more clearly in the illustration and it will be 
noted that the permanent impression was confined mostly to 
the middle third of the width of the base. It will be noted that 
the pressure of the rail on the support caused some side spread 
of the base at this place, which in turn opened up a seam. A 
piece of the flange broke, and a fracture occurred through the 
whole section 33 in. from the support, as a secondary break. 
The failure of this rail occurred long before the longitudinal 
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ductility was exhausted and may be considered as due to insuffi- 
cient transverse ductility at the bottom of the base, because of 
the presence of seams. 

When tested with the head in tension, the result is of a 
similar nature if there is a seam in the base at the place where 


<— foward other support Csupport 


Fic. 4.—Sample of Rail Tested with the Base in Tension in the Drop Test, 
showing how a Seam in the Base was the Origin of the Failure. 


struck by the tup. Fig. 5 shows the base of a rail tested in this 
manner. Here again the blow of the tup caused a side spread 
of the metal of the base where struck, which in turn opened up a 
seam causing a failure from the top side, not due to exhaustion 
of the longitudinal ductility of the head. 


Fic. 5.—Sample of Rail Tested with the Head in Tension in the Drop Test, 
showing how a Seam in the Base Opened under the Tup, 
causing the Base to Split. 


BASE FAILURES. 


About ten per cent of all rail failures, according to Table I, 
are base failures, mostly half-moon or crescent-shape pieces 
broken out of the flange. These occur mostly at ties and appear 
also to be largely attended with seams in the base. The origin 
of the failure in this type, as with “broken” rails, thus appears 
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to be the seams in the base and these two types should therefore 
be classed together as regards cause of failure. 


OTHER FAILURES. 


A type of failure that has attracted considerable attention 
in recent years, is the “transverse fissure” or “oval spot” in 
the interior of the head, an example of which is shown in Fig. 6. 


Fic. 6.—Samole of ‘‘ Transverse Fissure’’ in Head of Rail. 


This type was first brought into prominence by a report by Mr. 
J. E. Howard, of the Bureau of Standards, on a rail ascribed as 
the cause of a bad wreck on the Lehigh Valley Railroad at 
Manchester, N. Y., on August 25, 1911.1 Mr. C. D. Young, 
Engineer of Tests of the Pennsylvania Railroad Co., has also 
presented an interesting report of his investigations of some 
failures of this type that occurred on the Pennsylvania Railroad.* 


1‘‘Interstate Commerce Commission Report on Lehigh Valley Railroad Wreck at 
Manchester, N. Y., Aug. 25, 1911." Railway Age Gazette, Feb. 16, 1912, p. 280. 

2 Bulletin No. 151, Am. Ry. Engrg Assoc., Vol. 14, p. 413 (Nov., 1912); also, Proceedings, 
Am. Ry. Engrg. Assoc., Vol. 14, p. 413 (1913). 


at 
oy 
- 
| 
ony 
Z 
“4 
ome 
¢ 
5 
2 
: 


590 WICKHORST ON Ratt FAILURES. 


While these reports contain valuable data and good suggestions, 
the writer feels that a full explanation of the cause of this type 
of failure has not as yet been worked out, which necessarily 
must precede effective action for remedying the trouble. This 
kind of failure is occasionally followed with disastrous results, 
but fortunately occurs only in small numbers except perhaps 
under some special conditions. 

Another type of failure that constitutes a small percentage 
of the total failures is the “cracked web,” in which the web is 
cracked through from side to side running lengthwise of the 
rail; but here again the writer is not aware of a final explanation 
having been worked out. 


SERVICE CONDITIONS AS CAUSES OF FAILURES. 


Wheel loads have been increasing ever since the beginning 
of railroads and the tendency seems to be to still further increase 
them, at any rate as regards the average wheel loads. The 
heavy wheel loads have been given as the cause of rail failures. 
While it is true that the loads are heavy, it is also true that 
failures are confined to what may be called defective rails, and 
that most rails stand up under the service. The failures classi- 
fied as crushed and split heads have for some time been recognized 
as due to defective metal; and although “broken rails” eluded 
us for a while, as attributable to the material, we may say these 
also are to be ascribed to defective material although not defec- 
tive metal. 

Bad counterbalance, flat wheels and other abnormal con- 
ditions kink good rails and throw them out of line, although, 
of course, the defective rails are more promptly found by such 
abnormal conditions. A rail tested in the drop test will ordi- 
narily stand a bend of several inches in a span of 3 ft. Of 
course the railroad that persists in bending and kinking its rails 
will soon have an unrideable track for satisfactory service. It 
seems to be true that such matters as weight of rail or design of 
section are of but small importance in the matter of rail failures, 
but are rather matters more concerning the rideability of track 
and cost of maintenance. 
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REMEDIES. 


The above part of this paper deals with diagnosis and I 
think we have now arrived at a point where we may feel con- 
siderable confidence that we have the correct diagnosis of the 
causes of most of the rail failures. About 50 per cent are 
ascribable to low transverse ductility of the interior of the head 
due to segregation (and its attendant conditions), and traceable 
to the interior condition of the upper part of the ingot. About 
40 per cent are ascribable to low transverse ductility at the 
bottom of the base, due to the presence of longitudinal seams at 
the bottom of the base, and probably the origin of these seams is 
to be looked for in the rolling of the steel. ‘This leaves about 10 
per cent not yet diagnosed. What remedies will finally be ap- 
plied I, of course, cannot say, but below are given some thoughts 
as to the directions in which betterments are to be looked for. 

According to Table I, 55 per cent of the rail failures of 1911 
were head failures and 8 per cent were web failures, and as 
already indicated most of these may be classified as crushed 
and split heads, attributable to excessive segregation in the 
interior of the ingot, together with the conditions which ordi- 
narily attend such excessive segregation, such as sponginess and 
an abnormal softness of the steel at the outer part of the rail 
section around the segregated region of the rail. Thus, it appears 
that the remedy for about 50 or perhaps 60 per cent of rail 
failures, is to be looked for in a reduction of segregation below 
the point where it causes a brittleness of the interior metal of 
the rail. The condition of sponginess is worst at the top end of 
the rail bar, but the segregation reaches its worst condition at a 
varying distance from the top end—ordinarily about 15 per 
cent of the weight of the ingot from the top end of the ingot— 
and varies in degree from harmless segregation to a condition 
sure to result in bad service of the rail. It seems to be well 
established that well-deoxidized, quiet-setting steel has not 
the concentrated segregation found in other steel and is free 
from sponginess, but the central pipe extends farther downward 
into the ingot. The main cause for head failures is, however, 
the excessive segregation, and to avoid this requires a sufficient 
discard from the top of the ingot, or steel treated with sufficient 
silicon, titanium or aluminum. It is usual for rail specifications 
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to put a maximum limit of 0.20 per cent on silicon, but the 
author’s work' indicates it is necessary to have 0.25 per cent or 
more silicon in the steel in order to obtain its full influence in 
reducing sponginess and segregation. When titanium is used, 
0.1 per cent or more of metallic titanium is probably the proper 
amount with which to treat the steel. Talbot recommends 
aluminum? used in amounts of 2 oz. per ton or about 0.006 per 
cent. 

It seems that we must come to a well-deoxidized dead-quiet- 
setting steel, but then we have a deep pipe to deal with when 
the steel is cast in the usual manner into ordinary open-top 
iron molds. There has been recently, and still is, considerable 
experimental activity toward overcoming this condition and the 
next few years may see a practicable and economical solution 
of this problem of pipe, available on a large working scale. 
Hadfield recommends a sand top to the mold and special arrange- 
ment to keep the top metal liquid till the bottom of the ingot has 
set. Talbot recommends a pre-rolling or liquid compression, 
and a number of other means have come to public attention 
lately. Possibly, also, some improvement may be obtained by 
closer attention to the details of the present casting process; 
or, again, satisfactory uses may be found for the upper part of 
the ingot for other purposes. The conclusion seems to be 
emerging, however, that for rails, a well-deoxidized, quiet- 
setting steel must be used, in order to avoid excessive segregation 
and to obtain rails with a uniform hardness at the wearing sur- 
face in the several rails of an ingot. A solution of the ingot 
problem means the prevention of about half of the failed rails 
of the country. 

As indicated above, about 40 per cent of the rail failures 
are traceable to a longitudinal seam at the bottom of the base. 
The seam does not show on the new rail and cannot be discovered 
by inspection, but shows up when the failed rail is examined. 
We have very little satisfactory information as to the origin of 
these seams (although they seem to be produced in the rolling), 


1‘*Influence of Silicon on Open-Hearth Ingots and Rails,"’ Bulletin No. 151, Am. Ry. 
Engrg. Assoc., Vol. 14, p. 507 (Nov., 1912); also, Proceedings, Am. Ry. Engrg. Assoc., Vol. 14, 
p. 507 (1913). 

2**The Production of Solid Steel Ingots,"” Am. Inst. Min. Engrs., New York meeting, 
Feb., 1913. 
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but the matter is being studied more critically and we hope in 
the course of time to have more satisfactory knowledge of the 
subject. 


CONCLUSION. 


In conclusion, we may say (considering the number of fail- 
ures) that about 50 per cent of the rail-failure problem consists 
of obtaining sound metal of fairly even composition, and about 
40 per cent consists of so rolling the metal into rails as to 
avoid seams in the bottom of the base. The earnest activity 
and the cooperation between all interests to produce improve- 
ment in the matter of rail failures is such that we may well be 
hopeful of the future. The steel mills have freely offered the 
facilities of their works to the railroads for experimental work, 
and I in particular wish to acknowledge the uniformly kind 
treatment accorded me in my work at the various mills. Asa 
still further improvement of the general situation, I would urge 
upon the metallurgists and other officers of the steel mills that 
they be more forward in publicly presenting the results of their 
studies and investigations. And finally, may we ever keep in 
mind those inspiring words of Longfellow: 


Let us, then, be up and doing, 
With a heart for any fate; 

Still achieving, still pursuing, 
Learn to labor and to wait. 
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Mr. Carhart. 


Mr. Hibbard. 


Mr, Onderdonk. 


DISCUSSION. 


Mr. P. E. Carnart.—Dr. Dudley made the statement 
some years ago that rail failures were largely a matter of 
geography. I notice that Mr. Wickhorst has condensed in a 
few figures the failures in the United States, or at least those of 
a majority of the railroads. Now, it seems to me that Mr. 
Wickhorst might go a great deal further with that, with interest 
to all of us. Believing Dr. Dudley’s statement to be correct, I 
would suggest that Mr. Wickhorst take the roads in the warm 
climate and segregate them as one unit, those in colder climates 
as another unit, those in the Rocky Mountains and the Allegheny 
Mountains, where there are heavy grades and sharp curves, 
as another unit, and the trunk lines, where the traffic and wheel 
loads are heavy, as another unit. I think we would then begin 
to arrive at a clearer idea as to the cause of rail failures. 

I think Mr. Wickhorst might have gone further in his 
statement as to wheel loads and rail sections, and I hope that 
he will do so later on, for I think these matters are of vital 
importance. 

Mr. Henry D. Hrpsparp.—Mr. Wickhorst says that “ Had- 
field recommends a sand top to the mold and special arrange- 
ment to keep the top metal liquid till the bottom of the ingot has 
set.” It would be more accurate to say that Hadfield uses and 
recommends the sand top, etc. I believe that Hadfield’s firm 
has made about 25,000 tons of ingots by that method, with 
great success. 

As far as surface seams are concerned, there are a number of 
ways in which they can be caused, and I believe that if Mr. 
Wickhorst follows the matter up he will find that some of them 
come from skin blowholes which are near the surface of the 
ingot and are burned into in the heating operation. Thus 
they become filled with oxide of iron and are drawn out and 
elongated in the rolling operation, so that seams result. 

Mr. J. R. ONDERDONK.—I want to make a remark in regard 
to Mr. Carhart’s statement about failures of rails being due to 
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geographical location. We have to run the railroads in the Mr. Onderdonk. 
East, West, North and South and there is only one other way to 
prevent the breakage of rails that they are furnishing us to-day, 
and that is to stop running traffic over them. 

Mr. N. G. PETINOT.—I note in the conclusion of Mr. Wick- Mr. Petinot. 
horst’s paper that a well-deoxidized quiet-setting steel is required 
in order to avoid excessive segregation in rails. Figs. 1 and 2 


C=0.70 P=0.024 
Mn =0.735 S=0.024 
Si=0.170 
White-Souther Endurance Test = 2,689,000 rev. 


Fic. 1.—Plain Open-hearth “A” Rail. 


show two sulphur-prints of sections of rails made a few weeks 
ago. Both are open-hearth “A” rails of about the same com- 
position, made the same day in the same mill—and consequently 
under as nearly as possible the same conditions. The one 
shown in Fig. 2, however, has been treated with 0.10 per cent 
of metallic titanium as deoxidizer, using for that purpose some 
15-per-cent ferro-carbon-titanium, the only deoxidizer known 
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Mr. Petinot. which, when added to steel, passes away without leaving in the 
steel any product of its oxidation. 

The silicon has been intentionally lowered in the steel 
treated with ferro-carbon-titanium to avoid a too deep pipe in 
the ingot. 

The sulphur-print in Fig. 1, showing segregation. has not 


C=0.74 S$ =0.028 


Mn=0.682 Si=0.100 
P=0.25 Ti=traces 


White-Souther Endurance Test = 25,281,800 rev. 
Fic. 2.—Open-hearth “A’’ Rail Treated with 0.10 per cent of Titanium. 


been chosen as a curiosity, but is a typical example of eighty 
per cent of our open-hearth “A”’ rails actually in service, of 
which some are even worse. I have hundreds of sulphur-prints 
of sections of rails showing still more contrast between treated 
and untreated rails. 

The diminishing of segregation by proper use of titanium is 
checked by chemical analysis; an example is given in Table I. 
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TABLE I. 
Heat No. 1223, untreated. | Heat No. 7225, treated. 
Elements Considered. Top | Center Limit | Top | Center Limit 
of o Flange. of of of Flange. of 
Head. | Head. Segre- || Head. | Head. Segre- 
| gation. || gation. 
Carbon, per cent........ 0.64 |0.75 |0.73 |0.11 | 0.76 | 0.77 | 0.77 | 0.01 
Manganese, per cent....| 0.784 | 0.901 | 0.790 | 0.117 || 0.744 | 0.810 | 0.757 | 0.066 
Phosphorus, per cent... .| 0.019 | 0.026 | 0.020 | 0.007 || 0.019 | 0.018 | 0.018 | 0.001 
Sulphur, per cent....... 0.032 | 0.050 | 0.038 | 0.018 || 0.034 | 0.035 | 0.035 | 0.001 
Silicon, per cent......... 0.137 | 0.145 | 0.145 | 0.008 || 0.090 | 0.092 | 0.089 | 0.003 


The same diminishing of segregation could be shown on 
steel deoxidized with ferro-carbon-titanium, of various carbons 
contained used for axles, forgings, etc. 

Mr. RoBerT Jos.—I have been interested in Mr. Wick- 
horst’s statement regarding the probable cause of the formation 
of base seams, and I think it would be of great interest to us 
all if some of the manufacturers present were to give their state- 
ment as to what they consider the cause of base seams. 

Mr. W. R. WEBSTER (by letter) —Mr. Wickhorst has made 
a very strong plea for better rail steel. In this he will be most 
heartily supported by the Society and its committees, especially 
in the matter of greater discard from the ingots to get rid of 
piping and segregation. We have struggled with this problem 
for years, with little or no results, when Bessemer steel was 
at first used almost exclusively: but now with the large and 
increasing output of open-hearth steel for rails, it is becoming 
merely a commercial proposition. Some engineers are willing 
to pay an extra price for 25 per cent or more of discard, while 
others prefer using the top rails in places where the service 
conditions are not severe. 

For some years rails have been stamped to show their loca- 
tion in the ingot, and while it is true that most of the failures 
are in rails from the upper portion of the ingot, yet a large number 
of rails from the middle and bottom half of the ingot have also 
failed in service with the characteristic fractures referred to by 
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the author. It is fair to assume that a large portion of the fail- 
ures from the bottom of the ingot was not due to piping or seg- 
regation, although many of them may have been caused by the 
transverse weakness of the rail due to seams in the steel and other 
causes. The writer has covered this matter at length in a 
recent discussion of the report of the Committee on Rail of the 
American Railway Engineering Association, which will appear 
in the July Bulletin of that Association, so it is not necessary 
to go into it further at this time. 

Some of the open-hearth steel from the bottom of the ingots 
rolled into rails which have failed, is as good as any steel used 
for forgings, boilers, bridges, or other important work, and it is 
therefore a little premature and hardly fair for the author to 
assign the cause of 90 per cent of all rail failures to the quality 
of the steel used and to say: 


“It seems to be true that such matters as weight of rail or design of 
section are of but small importance in the matter of rail failures, but are rather 
matters of rideability of track and cost of maintenance.” 


This is a very simple and easy way to dispose of the section 
and weight of rail best suited to give the traveling public the pro- 
tection they should have with the present heavy rolling stock 
and high speeds, provided it is intended to treat only one side 
of this important subject, and not to consider the additional 
safety that could be secured by the use of heavier rail rolled to 
improved section. The writer has gone into these matters very 
fully in the discussion referred to above, and has quoted therein 
from the report of the Committee on Rails and Equipment of 
the National Association of Railway Commissioners, presented 
at their twenty-fourth annual convention last fall. Their 
report is most comprehensive, temperate in tone, and treats 
fairly both sides of the question. The subject is covered very 
thoroughly, as is shown by the attached summary of the report, 
to which are added their conclusions that the desired results can 
be obtained without government supervision, and recommend- 
ing an effective continuation of the government tests on rails 
and rail ingots, which was begun some years ago at the Water- 
town Arsenal under a committee of engineers, all of whom were 
members of the American Society for Testing Materials. The 
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‘plan suggested is to continue the work on the same general Mr. Webster. 


lines as before, with the assistance of a committee of engineers 
representing both the consuming and manufacturing interests. 
This work should have the support and cooperation of the 
Society and its committees in every possible way. 

The writer would also like to ask Mr. Wickhorst if it was 
not assumed when the American Society of Civil Engineers’ 
rail sections were adopted in 1892, that the quality of the 
steel would be the same in rails of all weights, and that no 
attention was paid to the effect of the heat treatment of 
the steel on the heavier sections, in the way of internal rolling 
strains from different finishing temperatures of the head and 
flanges; also, if decided improvement has not been found in recent 
years in rails rolled with heavier bases. This being the case, 
why should we be satisfied with the present rail section notwith- 
standing the fact that there were 36,641 rail failures in 1911? 
As a matter of fact, does not the thin web, connected to the wide 
thin head, exert a wedge action tending to split the head when 
the load is carried on the outer edges due to false flanges or 
worn wheels? Would not this longitudinal splitting of the head 
be largely overcome by using a rail having a much deeper head, 
connected to a thicker web with large fillets, which would act 
as brackets and thus prevent the wedge action? It is well recog- 
nized that the transverse strength in the head of the rail is not 
more than seven-tenths to eight-tenths of its longitudinal 
strength, and it is doubtful if with the soundest steel we can 
get as good transverse strength and ductility as desired. There- 
fore, why not use a little common sense and design our rail 
heads by using more of the weaker steel in the overhang of the 
head with good supporting brackets, with a view of removing 
the cause of most of the failures from crushed and split heads? 

The thin web in our present sections also acts as a wedge 
on the thin wide flanges, causing them to open up longitudinally 
if there are any defects in the steel. Of course we want better 
metal, freedom from longitudinal seams and overlaps, but we 
also want a much thicker web connected to much thicker flanges 
by large fillets, which will carry the load and act as braces. These 
changes of the web and flanges would go a long way towards 
overcoming the present troubles from broken bases. 
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The present sections do not allow rolling the steel in a man- 
ner suited to get the best results from it, and no matter how 
perfect the steel may be in the future, there will always be 
trouble from internal rolling strains in the heavier rails if the 
present sections are used. But, by putting much more metal 
in the web and flanges, with deeper heads and large connect- 
ing fillets, rails can be rolled which will come from the rolls 
almost straight, and in requiring very little straightening, 
avoid a very serious process to which many of our rail failures 
are due. In addition to this, such rails could be rolled through- 
out at much lower temperatures; the steel will be tougher and 
the rails will wear better than our present sections and will not 
require as much carbon. If necessary, however, higher carbons 
could be used with the better control of the rolling temperatures 
and much lower finishing temperatures. 

In conclusion, the writer would say that instead of the sec- 
tion and weight of rail being a trivial matter that can be passed 
over as being of little or no importance, it is of as much if not 
more importance than the quality of the steel used within the 
present commercial conditions of manufacture, and that it will 
only be by a decided change in our rail sections and increased 
weight that we shall get satisfactory rails to meet the present 
heavy wheel loads and conditions of service, which are much 
more severe than those in any other country. 


SUMMARY OF REPORT OF COMMITTEE ON RAILS AND 
EQUIPMENT AT THE TWENTY-FOURTH ANNUAL CON- 
VENTION OF THE NATIONAL ASSOCIATION OF 
RAILWAY COMMISSIONERS. 


This committee was appointed to study the subject of rails and railway 
equipment, to report upon the advisability of government inspection and 
of legislation to reduce failures, and to consider other questions related to 
this subject. 

Because of the impossibility of covering the entire ground with thorough- 
ness, the committee decided to confine its attention almost exclusively to rails. 
The study of rail failures and of possible improvements is complicated by 
various uncertain elements, such as quality of material, weight and speed of 
locomotives and cars, and track conditions. Experts differ widely, and it 
has been impossible for the committee to weigh all of the conflicting 
evidence available or to question experts to the extent necessary to reach 
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positive conclusions. Statements as to causes of failure and suggestions for Mr. Webster. 


improvement are therefore advanced as topics for discussion rather than 
as final conclusions. ; 

The suggestions of the committee are given in detail in the report and 
are summarized as follows: 

1. Present rail-failure problems are similar to those of the past. Recent 
breakage of steel rails develops questions similar to those which were caused 
by the breakage of iron rails. The problems of rail failure and wear are 
continuous ones, which have always been serious and will probably always 
remain so. 

2. The statistics of accidents caused by rail failures are incomplete and un- 
satisfactory. They indicate, however, that the danger from broken rails 
is not as great as generally supposed. The statistics for a 10-year period 
indicate very small percentages of casualty from broken rails, compared with 
total accidents to passengers and employees. Broken-rail accidents are much 
less serious as measured by casualties and destruction to property than 
collisions. 

3. No complete statistics of rail failures are available. The best data are 
that collected by the rail committee of the American Railway Engineering 
Association. 

4. Many of the smaller roads and branch lines have practically no rail 
failures, and the problem appears to be principally confined to railroads which 
handle a large tonnage of heavy and fast traffic. For such lines the statistics 
show that winter rail breakage constitutes the important problem. The num- 
ber of rail breakages on main lines handling heavy traffic shows that in winter 
the factor of safety of the rail under prevailing wheel weights and speeds is 
small, and it is important to consider every improvement which may increase 
this factor. 

5. Main types of rail failures are ‘split heads,’’ “‘broken flanges,”’ and 
“broken rails.”” The statistics show great variation in the relative number in 


* each of these classes of failures, although the head failures appear to predomi- 


nate. Some roads have great numbers of broken flanges; others, such as 
the Harriman lines, have but little ‘flange failure.” 

6. Split heads appear to be caused principally by defective material. 

7. Broken flanges appear to be the result of transverse weakness in the 
base of the rail caused by lamination or seams which develop in rolling. 

8. Broken rails are caused by defective material and methods of manu- 
facture, defective track, defective equipment, by injury from locomotives 
slipping, and other accidental causes. Breakages due to these causes are 
greatly increased by winter conditions and by high speed. 

9. The most dangerous form of rail failure appears to be that caused by the 
development of internal transverse fissures, such as resulted in the Man- 
chester accident. There appears, however, to be very few of such failures, 
and further investigation is necessary to determine their cause. 

10. The principal elements of defective material appear to be defects near 
the top of the ingot, due to segregation and piping, and flaws scattered through- 
out the ingot, and caused by blowholes, slag, and various impurities. 
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Mr. Webster. 11. Rail failures in winter are excessive as compared with summer. 
In New York State the principal kinds of rail failures for three years averaged 
about 200 per month for nine months and varied from 364 to 895 per month 
for the remaining months of January, February and March. This variation 
was apparently caused by variations in the severity of the winters. 

12. Defective track conditions cause many rail failures, especially in 
the winter. The principal contributing defects appear to be bad surface and | 
poor drainage. | 

13. Defective equipment causes many rail failures, especially in con- 
nection with heavy wheel weights and high speeds. The most serious cause | 
of failures under this head is “‘flat wheels.’’ Rail failures due to defective 

equipment are much greater in winter than in summer, and, in connection 

| with defective track and high speeds, probably constitute the principal causes 

of increased breakage of rails in winter. 

14. High-speed schedules in winter in connection with defective track 

and equipment is the cause of much rail breakage. Train delays in winter 

are frequent. Fast trains delay local passenger and freight trains, and the 

pressure to make up time is much increased compared with summer. 

15. The ‘‘anvil” effect produced on a frozen roadbed in connection with 
the defects and conditions before noted appears to be the cause of rail failures 
in winter rather than any change in the steel which may be produced by cold. | 
16. Recent rail breakage as compared with the past is to a great extent 


due: 


process, which has made it necessary to permit the increase of the proportion 
/ of phosphorus in the finished rail from 0.06 per cent to 0.10 per cent, or over 
60 per cent; 

(b) To the rapid increase of wheel weights and speeds brought about 
by traffic requirements, which has resulted in more severe conditions of ser- 
vice than have ever before been imposed in railroad history. 

17. The following are among the methods which will probably be found to” 
be most effective in reducing rail breakage: 

(a) Improved maintenance of equipment, especially of wheels, and reduc- 
tion in the number of worn and flat wheels; in.proved balancing of locomotives; 
improved track design and maintenance, including effective drainage, ample 
depth of ballast, and uniform tie spacing. 

(b) The substitution of open-hearth for Bessemer steel, with consequent 
reduction of phosphorus. 

(c) Improved methods of manufacture, especially directed to secure 

f sound ingots, sufficient discard to remove the segregated and defective metal 
at the top of the ingot. 
. (d) Heavier rails and improved sections, and especially sections with 
heavier bases. 
(e) Rigid specifications and careful inspection of all details of manufacture. 
18. The electric track circuit in connection with the signal system appears 
to be the most effective method of detecting broken rails and preventing 
accidents therefrom. 


(a) To the gradual exhaustion of pure ores suitable for the Bessemer | : 
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19. Much progress has been made by the principal lines in solving the Mr. Webster. 
rail-failure problem. The Harriman lines report: 


“To sum the matter up, our rails are over eight times better since 
January, 1910, than they were for three years before that date. 

“The causes of our success are, we think, due to improvements in: 

“‘(a) Mill practice: Increased care and vigilance by the manu- 
facturers; 

“(b) Rail section: Thicker base and better-balanced section; 

“‘(c) Chemical constituents: Less segregation and better selection 
of carbon constituent; 

“‘(d) Inspection: More thorough and including all steps of the pro- 
cess, day and night, at much increased cost to us; 

““(e) Selection of maker: Placing our orders with those mills which 
have given us the best product.” 


20. The final conclusions of the committee are: 

(a) That present conditions do not require the inspection by the gov- 
ernment of rails and equipment, or legislation concerning specifications or 
inspection. 

(b) The most effective governmental method of securing continued 
improvement in the rail situation is the careful and thorough investigation 
of all important accidents which may be caused by rail breakage. In this 
connection it is desirable that each state commission should keep informed 
as thoroughly as may be practicable regarding the rail failures upon the lines 
under its supervision. 

(c) The government tests of rails and ingots which were begun a few 
years ago should be continued and special study should be given to rail steel 
made by the basic open-hearth process. 


“Duty of the Federal and State Authorities in Connection with Rail 
Failures.—This inquiry has been made primarily with a view to giving a 
satisfactory answer to the question indicated by the president of the Asso- 
ciation and stated at the beginning of this report, as follows: 


‘Whether the matter of government inspecton may not be desir- 
able, both in the matter of manufacturing rails and the construction 
of equipment, and perhaps legislation enacted requiring a rigid inspec- 
tion and more uniformity in the specifications used by the different 
factories.’ 


“Our answer is that present conditions do not require the inspection by 
the government of rails and equipment or legislation concerning specifica- 
tions or inspection. 

“Finally, your committee would recommend the continuance of the 
government test of rails and ingots which were begun a few years ago and 
which are referred to in the body of this report. These tests were planned 
by a committee composed of government officers and of high grade experts 
from civil life representing both railroads and manufacturers. The tests were 
partially completed under the supervision of Mr. J. E. Howard, and the 
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results embodied in a congressional report are recognized as of great value. 
The work was, however, stopped by the government before definite con- 
clusions could be reached. We believe that it should be continued along 
the same general lines as originally planned, and that special study should be 
given to rail steel made by the basic open-hearth process.” 


Mr. ALBERT F. SHoreE (by /etier).—In my estimation the 
metallurgists have been performing their part admirably well, 
but it is undoubtedly a fact that since the problem of increasing 
the endurance of rails is a multiphase one, it is not within the 
province of metallurgy, after all commercial contingencies have 
been considered, to completely solve this problem. 

Much of the longevity of a rail depends upon the correct 
relation of non-spring supported wheel mass to rail mass, and 
upon the uniformity of the supporting power of cross-ties, 
especially under high velocities. ‘Thus if a greater part of the 
entire weight of the train, including the immense solid and rigid 
masses composing some of the wheels, could be placed above 
springs or their equivalent, a new era in railroad economy and 
safety might be looked for. 

According to the laws of impact of solid bodies, the spring- 
supported tonnage, and the speed of the train, on a well-built 
track are less destructive to the rails than the wheel masses, 
which act as true colliding bodies. This action is due either to 
uneven supporting power of the ties under well-balanced wheels 
having excessive rigidity and mass, or to uniformly supported 
rail under poorly-balanced wheels. A _ perfectly uniformly 
supported rail is not commercially possible. Hence, we must 
make such amendments in methods of general mechanical 
construction as are possible. 

I believe the greatest imperfection is in the rolling stock; 
consequently it is from this angle that we must attack the prob- 
lem. We must reduce to a minimum the rigid masses in the 
wheels wherever permissible, and where this cannot be done, 
as with the locomotive-wheel counterweights, these masses— 
well nicknamed “Rail Crushers’”—must be made ineffective 
in their relation to the rails, but yet remain effective in their 
counterbalancing relation to the reciprocating parts. 

The more extensive use of higher grade material now already 
being called for will permit a generally lighter and more elastic 


| 
| 
\ 
‘ i : 


DISCUSSION ON RAIL FAILURES. 605 


construction of all wheels. The locomotive-wheel counter- 
weight will exert the selective effect called for by dividing it 
in sections, as a block between each two spokes riveted together 
from each side and with strips of wood between these and the 
outer rim. This would be equivalent to a spring support in its 
relation to rails, but not necessarily in relation to the recipro- 
cating parts. The divided or sectional counterweight is based 
on the principle that a pound of pebbles in a bag hurled at a 
man is not so destructive as the same weight in a solid rock. 
The rigidity of the wheel can be otherwise reduced, consistent 
with strength, and the shock can be absorbed within the wheel 
itself instead of communicating it to the rails by the use of 
slightly tangent spokes. These would set up lateral vibration, 


and when this occurs, a linear shock cannot be transmitted as 
now. 


Mr. Shore. 
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RESULTS OF TESTS OF WELDED BOILER TUBES. 
By E. L. 


The Bureau of Standards has made a series of tests upon 
welded boiler tubes for the Division of Locomotive Boiler 
Inspection of the Interstate Commerce Commission. It is with 
the permission of the Chief Inspector of Locomotive Boilers 
that the results of tests contained in this paper are given. 

When one considers that during the last fiscal year 63 
accidents, resulting in 1 death and 70 injuries, have resulted 
from the failure of locomotive boiler tubes, the importance of 
a better knowledge of the strength of welded tubes is apparent. 
It is because of this fact and of the meagreness of published 
data upon this subject that. the following results of tests are 
offered. 

A tension test is a test from practical conditions in locomo- 
tives boilers, where the weld is subjected to a direct tensile stress. 

Tests were made upon several combinations of welded 
tubes as is shown in Table I (Plate XVI). Most of those 
reported are upon lap-welds; while some butt-welds are also 
included in the series. Specimens were selected having iron 
for the old end, iron for the safe end; iron for the old end, steel 
for the safe end; or steel for the old end, and steel for the new 
end. Also several of the specimens were of what is known as 
spellerized steel for either the new safe end or for both ends. 

To make these tests, special cylindrical plugs were turned 
down until they exactly fitted the inside of each of the ends of 
the tubes. Special grips were also made with round concave 
gripping surfaces so as to firmly hold the specimen and enclose 
the ends of it until only approximately § in. of the metal was 
visible in the grips. In this way a firm bearing pressure was 
brought to bear in holding the tube specimens. The tests were 
all made in a 200,000-lb. Olsen machine, lengths of specimens 
varying slightly and usually being from 12 to 15 in. 

In order to appreciate better any inferences to be drawn 
from a study of Table I, and in order especially to interpret 
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TABLE I.—Resunts or Tests oF WELDE 


Sectional 
Area 
8q. in. 


Loads in Pounds at Elonga- 
tion in 3-in. of 


0.01 in. 


0.02 in. 


0.03 in, 


Old end, spellerized steel; new end, spellerized steel . . 
Old end, cold-drawn steel; new end, spellerized steel . 
Old end, izon; new end, globe steel...........000++: 
Old end, iron; new end, globe steel................- 


“ “ 

“ o 

“ 

“ 


New end, charcoal iron. 


Old end, iron; new end, steel. 


Old end, iron; new end, steel...........cccceeeeee 


0.815 
0.661 
0.717 
0.588 
0.694 
0.708 
0.717 
0.772 
0.653 
0.661 
0.708 
0.818 
0.818 
0.756 
0.915 
0.854 
0.765 
1.38 

0.792 
0.800 
0.737 
0.807 
0.744 
0.800 
0.784 
0.784 
0.791 
0.722 
0.772 
0.702 
0.477 
0.861 


2 000 
2 250 
2 430 
2 200 
2000 
1 500 
2 300 
2 200 
2 550 
2 000 
3 400 
1750 
1 600 
3 050 
2000 
1600 
3 100 
2 150 
1880 
2 800 


1650 


1800 
1600 
4700 
1800 
2 150 
2 350 
1780 
2 000 
2 200 
4100 
8 210 
2.000 
6 270 
17 350 
8 300 
11 300 
9 600 


11 550 
11 450 
11 600 
11 650 
11 700 
11 800 
9 000 
11 300 
11 075 
9 650 
12 450 
11 400 
12710 
10 900 
12 500 
11 600 
11 100 
10 650 
10 100 
10 850 
10 150 
10 000 
10 700 
15 000 
10 500 
11 300 
10 850 
10 600 
10 500 
10 700 
15 950 
16 950 
$ 900 
25 400 
24 050 
16 400 
16 250 


19 700 
20 200 
21 800 
21 600 
19 700 
19 450 
19 050 
19 850 
19 460 
17 010 
21 675 
19 650 
21 000 
21 040 
21 600 
20 400 
20 500: 
21 000 
19 560 
19 250 
20 700 
19 330 
19 050 
37 000 
20 250 
21 240 
22 320 


Nominal 
— | 
° Al | Old end, iron; new end, globe 1} 0.646 
Bl 1} 0.698 
2 13 0.622 
C1 | 2 0.887 
2 0.877 
3 | ig 
2 | 
El 1} 
F1 | Old end, iron; new end, spellerized steel ............| 1} 
3 | “ “ epellerised steel; new end, spellerised steel..| 14 
3 1 
Hi 
2 | | 
| | 
2 
3 
4 20 850 
5 20 540 a 
13500 | 
2 1240 | 
25900 | 
3010 | 
25350 | 
01 | Old end, iron; new end, 19100 | 


ESULTS OF TESTS OF WELDED BorLeR TUBES. 


pip ot Elongation after Ultimate Strength. 
4, 
0.02 in. 0.03 in. per cent. 
11 550 19 700 13.3 23 000 35600 | Iro 
11 450 20 200 12.7 26 580 41100 | Ira 
11 600 21 800 14.0 33 490 48000 | Me 
11 650 21 600 14.3 33 310 53500 | Me 
11 700 19 700 14.7 38 120 43000 | Eq 
; 11 800 19 450 6.7 35 900 40900 | Ins 
a 9.000 19 050 5.0 37 650 46200 | En 
11 300 19 850 18.7 32 910 49800 | Om 
11075 19 460 11.3 30 580 42600 | Me 
9 650 17 010 10.3 30 080 51200 | Me 
12 450 21 675 6.0 35010 50500 | Me 
11 400 19 650 22.3 29 850 42200 | Iro 
12710 21 000 10.7 31 620 44200 | On 
10 900 21 040 8.7 30 500 39 500 
12 500 21 600 6.3 25 100 38500 | Me 
11 600 20 400 11.3 28 450 43100 | Me 
7. ae 11 100 20 500 29.3 34 560 49000 | Me 
aa 10 650 21 000 15.3 36 940 45200 | M 
oe 10 100 19 560 5.0 19 570 23900 | On 
10850 19 250 19.7 30 420 40300 | M 
ee | 10 150 20 700 5.7 28 430 31100 | Ex 
ae | 10000 19 330 16.7 28 570 33420 |M 
vs 10 700 19 050 19.0 28 160 36 750 
oe | 15 000 37 000 33.0 65 200 47200 |M 
ae 10500 | 20250 3.3 24 250 30600 |W 
611300 | 21240 3.7 87 100 46400 | 
10850 22 320 7.7 35 200 47 800 ' 
10 600 20 850 4.7 35 450 43900 | | 
10 500 20 540 2.7 27 000 36300 | 
oe ial 10 700 20 250 1.7 25 420 31 800 | 
15 950 18 500 9.0 27 300 34800 | M 
16.950 19 410 8.3 30630 39.200 
25 900 32770 | 41400 |E 
25 400 30 140 si 39 810 55200 | Ir 
24 050 25 350 34 870 44850 
12 090 17200 |E 
16 400 19 100 is 27 720 58200 | Ir 
16 250 on 24 100 42950 | | 
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Location of Fracture. 


Iron metal failed, 1 in. from weld. 

Iron metal at one end of weld failed, steel remaining intact, 
Metal failed at weld. 

Metal failed, 1 in. from weld. 

Entire weld separated. 

Inside metal failed at weld. 

Entire weld separated, also part of inside metal torn. 
One-half of iron metal failed at weld; one-half of weld sepa- 
Metal failed at weld. 

Metal failed 1 in. from weld. 

Metal failed at weld. 

Iron metal failed 1 in. from weld. 
One-half of metal failed at weld; one-half of weld separated. 
Metal failed at weld. 

Metal at one end of weld failed. 

Metal failed 2 in. from weld. 

Metal failed at weld. . 

One-half of metal failed at weld; one-half of weld separated. 
Metal failed 13 in. from weld. 

Entire weld separated. 

Metal failed 1} in. from weld. 

Metal failed near weld. * 

Weld separated. 


“ 
Metal failed at weld. . 
Entire weld separated. . 
Iron metal failed at weld. 
| Entire weld separated. 
Iron metal failed at weld. 
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more intelligently the causes of failures in the light of heat treat- 
ment in forming the weld, or of injuries inflicted upon the metal 
at or a short distance from the weld due to mechanical treatment, 
a very brief review of the customary practice followed in welding 
tubes will be given. 

According to very usual practice, it is customary to safe- 
end and replace in service all tubes found defective, if the inspec- 


A2. 
Fic. 1.—Old End, Iron; New End, Globe Steel. 


tion proves that they can again be used. Defects in withdrawn 
tubes usually occur near the point where the tube enters the 
flue sheet, such defects being cut off and then having a safe end 
added. The end of the tube cut off is heated to the proper 
color temperature, and then expanded upon a tapered mandrel, 
so as to form a pocket into which the safe end is placed for a 
lap weld. Both parts are now heated together until a welding 
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Cl. C2. 
Fic. 2—Old End, Cold-Drawn Steel; 


D1 D2. 
Fic. 3.—Old End Iron; New End, Globe Steel (D1), Iron (D2). 
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New End, Spellerized Steel. 
‘ 
4 
ae. 
| : 
a 
4 
— 
\ \, 


LASIER ON TESTS OF WELDED BOILER TUBES. 609 


temperature or about 2200° F. is reached, when they are 
revolved and pressure applied at the section to be welded until 
the weld is sound. The safe end is now heated to a bright red 
heat, or the operation is combined with that of welding, so as 
to swedge the safe end to proper size. The temperature usually 


K4. KS. K6. 
Fic. 4.—Butt-Joint Weld. 


attained in the operation of welding reaches as high as 2700° F. 
and it is apparently not uncommon because of the high heat 
and lack of sufficient working, to break down the structure and 
to produce a more or less injurious effect upon the metal. 

A process that has gained considerable vogue is a process 
known as spellerizing. Spellerizing is a method of subjecting 
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the skelp to rolls surfaced with regular projections, and then 
subjecting the hot bloom to rolls with smooth surfaces. This 
operation is repeated, it being claimed that the surface of the 
metal is better worked and a uniformly dense texture produced, 
the working required varying according to the thickness of the 
walls. 

Figs. 1 to 4, inclusive, show photographs of ten welded boiler 
tubes which have been tested in tension and are reported in 
Table I (Plate XVI), and are illustrations of all of the failures 
possible. 

In Fig. 1 are shown two classes of failure. Both of the 
tubes consisted of an iron old end, and a steel safe end. Speci- 
men Al broke in the iron old end 1 in, from the weld, under 


TABLE II.—SuMMARY OF TABLE I. 


| 
| Number 
Character of Failure. | Specimen Mark. of Tubes 
Metal failed outside of weld.............. | A see 9 
H1—L1—L2—M2—N1—O1—02 
Entire weld | Cl—C3—I2—_K1— K2—_K3— K4 11 
| K5—K6—M1—N2 
Part of weld failed; part of metal failed at 


a load of 35,600 lb. per sq. in. Specimen A2 is typical of the 
most common of the failures, the metal (the old iron metal) 
breaking at the weld—in this case at the extremity of the 
welded portion. It is to be noted that the breaking load 
required for A2 was over 5000 lb. per sq. in. more than was 
required for Al. 

Specimens C1, C2, and C3, shown in Fig. 2, are all tubes 
with steel for the old end, and spellerized steel for the safe end. 
C1 and C3 are examples of the entire weld separating; C2 again 
chows a tube in which the metal at the weld failed first. Atten- 
tion is called to the fact that C2 failed at a lower unit stress 
than either C1 or C3. 

In Fig. 3, specimens D1 and D2 are shown. D1 has iron 
for the old end, with steel for the safe end; D2 consists of an 
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iron tube for both ends. In D1, one-half of the metal failed at 
the weld, and one-half of the weld itself failed. In D2 there is 
shown another example of the metal failing at the weld. Again, 
where part of the weld failed, a higher unit load was required 
than where the metal alone failed. 

Three tubes with butt-welds are shown in Fig. 4, K4, K5 
and K6. In each case the weld separated. 

From a study of Table I, giving tests of the 38 specimens 
selected, Table II has been drawn up, giving the results in a 
summarized form. 

The tests herein reported are far from complete nor are 
they satisfactorily definite. They may, however, be considered 
as contributory to our knowledge of the strength of welded 
boiler tubes. 
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’ NOTES ON THE PROPERTY OF TOUGHNESS OF 
METALS. 


By ALBERT F. SHORE. 


A metal to be tough must have a high elastic strength 
and considerable ductility. A brittle metal of great strength 
is not tough, nor isa ductile metal of low strength. It is diffi- 
cult sometimes to tell just when toughness begins; for example, 
the plasticity of such a metal as lead is a different property 
from the ductility of gold. 

The property of toughness in metals does not appear to 
have been directly measured up to the present time. In that 
connection it is desirable that a scale for the measurement of 
toughness should be provided, such as we have for indicating 
temperature, pressure, or hardness. 


METHODS OF DETERMINING TOUGHNESS. 


There are three methods of determining the factors of 
strength and ductility constituting toughness, as follows: 

1. By making a tension test, which gives the elastic limit 
in pounds per square inch and the percentage of elongation in 
any desired length; 

2. By making a cold-bend test, from which may be deter- 
mined the elastic limit in pounds per square inch and the num- 
ber of degrees of permanent bend; 

3. By making two tests: the hardness test, which gives the 
hardness numeral, and the cold-bend test, which gives the 
number of degrees of permanent bend. 

In each of these three methods two properties are deter- 
mined, which when expressed as one versus the other (for 
example, by the first method, 45,000 Ib. per sq. in. vs. 25 per 
cent) convey a definite idea and an accurate estimate of the 
toughness of the metal. 
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ADVANTAGES AND DISADVANTAGES OF EACH METHOD. 


The first method is probably the one most preferred because 
it is in most general use at the present time, and is therefore 
best understood. From the standpoint of economy it has the 
disadvantage that a rather complex test specimen must often 
‘be made; while if an unprepared specimen is used, a compara- 
tively large size is required on account of the wedge grip used. 


T= Tension Test. 
B= Bend Test. 


i=) 


No /0. 
No, 5. 7 
B 
No} 3. / | 
| 
No.| 4. 
- 
5 100 000 150000 200 000 250000 300 000 


Tensile Strength (on 0.505 Diameter), |b. per sq.in. 


Fic. 1.—Curves showing Relation between Tension and Bend Tests. 


Scientifically, the elongation optained on a tension test 
specimen is indefinite. In annealed brass and copper the whole 
piece will elongate, while in the case of the harder metals most 
of the elongation is confined to the spot where the break occurs; 
so in speaking of elastic limit versus percentage of elongation 
a somewhat vague idea of the toughness is given. 

The bend test specimen does not have to be especially 
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prepared. The elastic limit, ultimate strength and the num- 
ber of degrees of permanent bend can be very clearly defined 
on the autographic chart, taken from a bend test. Further, 
the elongation on the tension side of the neutral axis is con- 
fined to a definite and known place, so that in speaking of 
degrees of permanent bend, we have a more accurate estimate 
of ductility than can be obtained from the elongation of the 
tension test specimen. 


Fic. 2.—The Shore Compensating Universal Testing Machine, 
Front View. Equipped for Bend Tests. 


The third method is necessarily so approximate that it is 
not satisfactory for regular use in the laboratory; but as a ‘“‘sub” 
or “deputy” test, it is so simple that it is by far the most gen- 
erally used for inspection purposes in one modified form or 
other. This can be illustrated by the following example in 
actual practice: A number of gears are made and heat-treated 
in the same way as the master test specimen, the strength, 
hardness and ductility of which have been determined in the 
usual manner. Since in this case the heat treatment is for 
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hardening, it will be necessary to test the gears for hardness 
only, to see that the hardness value agrees with that of the 
master specimen. This in turn assures the same toughness 
value in the gears as in the specimen. 

In many instances a hardness test on soft steel, in connec- 
tion with the ductility factor, has solved the problem of individ- 
ual piece inspection; and the method is being adopted by the 
railroads for testing car axles, etc. 

It is also possible to test in this way the toughness of very 
large forgings or castings in a number of places, by sawing off 
a sliver, bending it in a vise, and then measuring its hardness. 


Test Piece 


“Clampin 
"Wedge 


Fic. 3.—Diagram showing how the Cantilever Bend 
Tests are made. 


RELATION OF BEND AND TENSION TEST READINGS. 


The desirability of being able to resolve the readings of the 
tension test into those of the bend test, or vice versa, is evident 
to all. 

It is a well-known fact that a metal which shows a high 
tensile strength will show high values on almost any kind of 
strength test applied to the same piece, whether it be the bend, 
torsion, compression, shear or hardness test. 

According to experiments made by the writer, there is a 
definite relation between the results of the tension and bend 
tests. This is shown graphically in Fig. 1, on which are plotted 
stress-strain curves for tension (marked T) and autographic 
curves for the bend tests (marked B). The scale figures at 
the bottom of the diagram apply directly to the curves for 
tension only. 
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The following list describes the steels and the heat treat- 
ment to which they were subjected; the numbers correspond 
to those on the curves in Fig. 1: 


Nickel steel, annealed. 

a eee Vanadium tool steel, hardened at 1500° F. in water, 
drawn 800° F. 

Pe Bk. 345 Chrome-nickel steel, hardened at 1500° F. in oil, left so. 

Ws Mana Nickel steel, hardened at 1500° F. in water, drawn 750° F. 

| ie ae Chrome-nickel steel, hardened at 1500° F. in water, drawn 
800° F. 

me Machine steel, cold-rolled. 

BR ee Nickel steel, hardened in oil at 1500° F., left so. 

MO, oi... Vanadium. tool steel, hardened at 1500° F.in air blast, 
left so. 

Vanadium tool steel, annealed. 

No. 10.....; Chrome-nickel steel, annealed. 

Machine steel, hot-rolled. 

High-speed steel, annealed. 


Both the tension and bend tests were made on a new 
automatic and autographic machine of high precision, a view 
of which is shown in Fig. 2. 

The method of making the bend test is illustrated diagram- 
matically in Fig. 3. The ratio of supported length to thick- 
ness of specimen was six. 

Since the power of the scale can be adjusted to any desired 
degree by use of a pendulum balance, and since the load on the 
free end of the bend test specimen is only a fraction (5 per 
cent) of what would be required to rupture a tension specimen 
of the same area, the scale of each bend test curve has been 
enlarged twenty times. 

By this method the average relation between the ultimate 
strengths as indicated by tension and bend tests, the latter 
being made as aboved described, is constant within 5 per cent 
plus or minus. The elastic limits show wider variation, aver- 
aging 10 per cent plus or minus. 
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TESTS ON THE RATE OF CORROSION OF METALS. 


By A. W. CARPENTER 


This paper gives the further results, to date, of the second 
and third series of corrosion tests described in the author’s paper 
published in the Proceedings of the Society for 1911,! and 
entitled “Some Tests of the Rate of Corrosion of Metals Exposed 
to Locomotive Gases”; together with data for and results of 
some additional tests.. 

Two additional 60-day exposures of the Second Series, 
Weehawken Tunnel Tests, were made, and the data and results 
for the complete series are shown in Table I (Plate XVII). 
The table duplicates that in the 1911 paper for the test data 
and the results of the examinations after the first and second 
exposures of 231 and 58 days, respectively, with slight correc- 


~ tions of the calculated figures for losses in weight per unit of 


surface, and the omission of the total losses in weight, which 
were rather immaterial. The unit losses for each exposure and 
for the successive totals of the four exposures are given. Finally, 
a column has been added giving the calculated average loss in 
thickness of each exposed surface per annum, assuming a uni- 
form rate based on the total loss at the last examination, which 
was after four exposures for a total of 409 days. This column 
shows that the “special-iron”’ plain plate had an average rate 
of corrosion about double those of the other plates, which com- 
prised a galvanized plate of the same “special-iron,”’ a ‘ special- 
coated’’ ferrous-metal plate, and a soft-steel plate. It should be 
noted that in the exposure after the first one, which was a long 
one of 231 days, the rate of corrosion of the “‘special-iron”’ plain 
plate was not so greatly in excess of the others, and in the case of 
the second exposure was as low as any. It will be seen that 
after the first exposure the coated plates corroded as fast, in 
general, as the plain plates; and in fact, the rates of corrosion of 


1Vol. XI, p. 622. 
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all plates were remarkably near to equal for the total of the last 
three exposures. 

The differences in rates of corrosion between the earlier 
and the later exposures may be largely explained the same as 
hereinafter in connection with the Third Series tunnel test. 
The composition of the coating of the “special-coated”’ metal 
was not determined; later, additional sheets of what was repre- 
sented as the same material were obtained and analysis showed 
the coating to be composed of zinc and tin (see analysis of plate 
054 in Table IV). The tunnel tests of this series were discon- 
tinued after the fourth exposure. The smoke-jack tests of the 
same series were discontinued after the third exposure (193 
days total) and were fully reported in the 1911 paper. 

An examination of the surfaces of the tunnel test plates 
after the last exposure showed them to be quite smooth, except 
in case of the “special-iron” plain plate, which was distinctly 
pitted. 

The data for and the results of the first exposure in the 
Third Series, Weehawken Tunnel Tests, were given in the 1911 
paper. Four additional exposures and examinations have been 
made, the data and results of which are given in Table II 
(Plate XVII), together with those given in the 1911 paper, 
revised, and a column showing the calculated average rate of 
corrosion per annum, as explained for the corresponding. case 
in Table I. The second and third exposures were of 60 days 
duration each, and the fourth and fifth were of 120 days each, 
giving a total exposure of 418 days. 

Some surprising differences in the rate of corrosion of the 
same plates for the different exposures will be noted. This 
may, in a large measure, be explained by the fact that a mechani- 
cal blower was installed at the westerly end of the tunnel after 
the second exposure of the test plates. This blower operates 
to blow fresh air into the tunnel and force the gases out at the 
easterly end. There are two fans both of which are operated 
in winter and cold weather, but only one in summer and warm 
weather. Under favorable conditions the tunnel is entirely 
cleared of gases after the passage of a train, but when easterly 
winds prevail the clearing is not so effective. The result is to 
produce a variable condition in the atmosphere of the tunnel, 
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TasBLe I.—First SE 


Exposep In WEEHAWKEN ' 


| Chemical Analysis, per ce 
P (See footnote for copper. 
Weight 
Plate i ions,! Area of f 
Kind of Metal. | | 
aq. in. 
Si s P Mn 
10} x12x 3, | 246.4 458 0.02 | 0.056 | 0.116 | 1.02 
1 Special coated metal?.............. shavteqevess 
of x12x 4, | 227.0 317 0.05 | 0.105 | 0.122 | 0.37 
103 x 12x 249.0 1006 0.05 | 0.026 | 0.019 | 0.39 
3 Soft, open-heart sted, box annealed, | 16 
Of x12x5, | 225.0 783 0.04 | 0.035 | 0.013 | 0.37 
“i 2 267.0 1084 0.02 | 0.021 | 0.015 | Non 
4 | Special iron “A,” plain.......... 
10 x12x7— | 243.0 585 0.01 | 0.029 | 0.006 | Non 
102 x 12 263.3 1074 0.01 | 0.027 | 0.001 | Non 
6 | Special iron “A,” galvanised........... 122 
ofx12x | 237.0 825 0.06 | 0.026 | 0.006 | Non 


Nore—The specimens were analyzed for copper, with the resulting report that none was found. 


1 After first examination, plates 1, 3, 4 and 6 had a 1-in. strip cut from the bottom for check analysis. 
* The upper rows of figures for plates 1, 4 and 6 are from analyses of mixed drilli 


plates 1, 3, 4 and 6 are from check analyses on these plates 


* Analysis of coating not made. 


@ Rate excepting first exposure, 0.011 in. per annum. 


from 


The lower figures for di 
lates 1 and 2, 4 and 5, 6 and 7 respecti 


sow of for plate 3 applies to the origin: 


TABLE II.—TuirpD 


Exposep In WEEHAWEI 


Chemical Analysis, per cent. 
Weight (See footnote for copper.) 
Kind of Metal. Dimensions, | 
8q. in. grams. 
Si P Mn Pb 
7 267 979 0.03 | 0.029 | 0.006 | 0.03 | Trace 
llx12x 75 267 959 0.02 |.0.034 | 0.005 | 0.03 | Trace 
019 | Special iron ‘B,” galvanized.................-+--- 11} x12x ds 269.8 1037 0.01 | 0.041 | 0.006 | 0.03 | Trace | None 
05 | Wrought iron, plain (rolled from piled puddle iron). .! 11 x 12 x } 270 2200 0.05 | 0.039 | 0.170 | 0.01 | 0.06 
015 | Wrought iron, plain (rolled from piled puddle iron)..| 4 x 11 x } 91.8 725 0.07 | 0.041 | 0.160} 0.01 | 0.06 
07 | Soft open-hearth steel, plain.................-..... ugg x 12x} 271.3 2204 0.02 | 0.039 | 0.017 | 0.41 | 0.19 
017 | Soft open-hearth steel, plain....................--. 4xilx} 91.8 722 0.02 | 0.039 | 0.020 | 0.44 | 0.18 
09 Special non-ferrous metal, plain.................... lix12x ve 267 1197 Assumed same as Plate 0104 
O11 | Lead coated, galvanized steel............-20--00005 105 x12% yg | 263.9 849 | 0.01 | 0.080 | 0.086 | 0.39 | 0.08 | 1.90 
013 | Lead coated galvanized steel............-.--++-++- liq x 12x is 268.4 920 0.01 | 0.059 | 0.083 | 0.34 | 0.08 | 4.03 
037 | Special iron “A,” plain..........5...20-eeeeeeeees 10} x 12x x5 263.9 953 0.01 | 0.035 | 0.003 | None | Trace 
039 | Special iron “A,” plain.............seceeeeeeeees: ll x 12x 75 267 957 0.01 | 0.035 | 0.003 | None | Trace 
041 | Special iron “A,” galvanized.............-.--+...- 10 x12 pg 263.9 1009 0.01 | 0.026 | 0.001 | None | Trace | Non 


7 
4 
Indiv} y. 
4 | 
| | 
5 146 0.0 0.064 0.120 | 0.08 
iq 1 P Mn 


PLaTe XVII. 
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CARPENTER ON TESTS ON THE RATE OF 
CORROSION OF METALS. 
-First SERIES. 


‘'EEHAWKEN TUNNEL. 


sis - Average Loss per Square Inch of Surface, grams. 
ysis, per cent. 


Average 
o for copper.) First | Second Examination. | Third Examination. Fourth Examination. | Loss per 
Examination. Annum in Pla: 
Thickness, te 
First and First to First to cash = 
, Ma | c | pint Second | “Second | .. Third Third Fourth | Fourth | Surface, 


xposure, | Exposure, Exposure, Exposure, xpos 
231 days. | 58 days. 60 days. 60 days. = 


).116 | 1.02 | 0.09 

0.43 0.11 0.54 0.16 0.70 0.36 1.06 0.007 1 
).122 | 0.37 | 0.09 
).019 | 0.39 | 0.11 

0.51 0.07 0.58 0.19 0.77 0.38 1.15 0.008 3 
).013 | 0.37 | 0.10 
).015 | None | Trace 

1.66 0.07 1.73 0.22 1.95 0.41 2.36 0.0164 4 
).006 | None | Trace 


).001 | None | Trace 
0.61 


0 .08 0.69 0.14 0.83 0.43 1.26 0.009 6 
).006 | None | Trace ; 


igures for dimensions, areas and weights apply to the reduced plates. 
“ 7 respectively. (Plates 2, 5 and 7 were ne in the smoke-jack test; see 1911 paper.) The lower rows of figures for 
the original analysis, the lower ones to the check analysis, both on this plate alone. 


I.—Tuirp SERIEs. 
| WEEHAWKEN TUNNEL. 


Average Loss per Square Inch of Surface, grams. 
er cent. 
Average . 
_— First | Second Examination. Third Examination. | Fourth Examination. Fifth Examination. Loss per 
Examination. Annum in | Plate 
— No. 
c | pp | am | | Second Third | Fourth |, Fitth | Surface, 
xposure, xposure, | Exposures, | “posure, | Exposures, Exposures, | #*Posure, | Exposures, 
58 days. 60 days. 118 days. 60 days. | 178 days. | 120 days. 208 days. 120 days. | 418 days. 
ares et: 0.08 0.13 0.20 0.45 0.65 0.13 0.78 1.05 1.83 0.012 01 
i ee a 0.09 0.06 0.14 0.43 0.57 0.13 0.70 1.15 1.85 0.013 03 
Trace | None | 3.79 0.14 0.11 0.25 0.05 0.30 0.13 0.43 0.89 1.32 0.009 019 
0.06 cees ae 0.09 0.12 0.21 0.50 0.71 0.11 0.82 1.12 1.94 0.013 05 
0.06 edits to 0.09 Plate lost in tunnel. 015 
0.19 ‘eens “eae 0.10 0.18 0.28 0.44 0.72 0.06 0.78 0.99 1.77 0.012 07 
0.18 nies awe 0.09 0.17 0.26 0.46 0.72 0.10 0.82 1.08 1.90 |; 0.013 017 
ite 0104 0.23 0.20 0.42 0.10 0.52 0.25 0.77 0.22 0.99 0.006% 09 
0.08 1.90 1.68 0.05 0.05 0.10 0.19 0.29 0.22 0.51 0.64 1.15 | 0.00S¢ oll 
0.08 4.03 1.42 0.09 0.06 0.14 0.16 0.30 0.14 0.44 0.54 0.98 | 0.007¢ 013 
[race pen Sade 0.05 0.15 0.20 0.48 0.68 0.13 0.81 1.03 1.84 | 0.013 037 
Trace | .... mane 0.05 - 0.09 0.13 0.51 0.64 0.12 0.76 0.68 1.44 | 0.010 039 
Trace | None | 0.87 0.12 0.09 0.21 0.11 0.32 0.12 0.44 0.98 1.42 | 0.010 041 
xposure, xposure, | osures, | | res, | Exposure, | ven, Exposures, 
42days. | 60days. | days. | S0days. | days. | 120 days. | days. days. | 
D 08 O11 0.11 0.4 44 0.66 0.11 0.77 1.05 1.82 0.013 021 
Mn 


| Exposure, Exposure, ures, Exposure, Exposure “ 
Exposure sxposure, | Exposures, | Exposure, | Exposures, 


4 


pe 
ae 
| 
ig) 
a 
| 
| 
= 
& 


1 Special coated metal?............- 


3 
4 Special iron “A,” plain............ 
6 Special iron galvanized....... 


Gott, cpen-hearth atc box annealed, 


x12x 
x12x 


10} x 12 x 
9} x 12x54, 


10 x12xx 


x 12x 
x 12x 


246.4 
227.0 


249.0 
225.0 


267.0 
243.0 


263 .3 
237.0 


317 


1074 
825 


0.04 


0.02 
0.01 


0.01 
0.06 


0.035 


0.021 
0.029 


0.027 
0.026 


0.116 
0.122 


0.019 
0.013 


0.015 
0.006 


0.001 
0.006 


0.39 
0.37 


None 


None 


None 


None 


Nore—The specimens were analyzed for copper, with the resulting report that none was found. 


1 After first examination, plates 1, 3, 4 and 6 had a 1-in. stri 


cut from the bottom for check analysis. 


The lower figures for dim 


plates 1,3, and 6 are from chegk analyecs Oa these plates individualy. upper row of figures for applies to the orginal 
* Analysis of coating not made. 
@ Rate excepting first exposure, 0.011 in. per annum. 
TABLE II.—TuHIRD | 
Exposep In WEEHAWKED 
Chemical Analysis, per cent. 
‘ (See footnote for copper.) 
x Kind of Metal. 
8q. in. grams. i 
Si 8 P Mn c Pb 
11x 12x 267 979 0.03 | 0.029 | 0.006 | 0.03 | Trace 
ll x 12x 267 959 0.02 | 0.034 | 0.005 | 0.03 | Trace 
019 | Special iron “B,” | 269.8 1037 | 0.01 | 0.041 | 0.006 | 0.03 | Trace | None 
05 | Wrought iron, plain (rolled from piled puddle iron)../ 11 x 12 x } 270 2200 0.05 | 0.039 | 0.170 | 0.01 | 0.06 
015 | Wrought iron, plain (rolled from piled puddle iron)..|_ 4 x 11 x } 91.8 725 0.07 | 0.041 | 0.160} 0.01 | 0.06 
07 Soft open-hearth steel, plain...............+.+-++.. us x12x} 271.3 2204 0.02 | 0.039 | 0.017 | 0.41 | 0.19 
017 | Soft open-hearth steel, plain................-020-5- 4xlix} 91.8 722 0.02 | 0.039 | 0.020 | 0.44 | 0.18 
09 | Special non-ferrous metal, plain............-.--.... Lx 12x75 267 1197 Assumed same as Plate 0104 
011 | Lead coated, galvanized steel...............-++000- 10f x 12x 7 263.9 849 0.01 | 0.080 | 0.086 | 0.39 | 0.08 | 1.90 
013 | Lead coated galvanized steel..............-..+-+4. lifg x 12x35 | 268.4 920 0.01 | 0.059 | 0.083 | 0.34 | 0.08 | 4.03 
037 | Special iron “A,” plain..........50eeseceeeeeeeees 107 x 12x 7 263.9 953 0.01 | 0.035 | 0.003 | None | Trace 
ll x 12x 267 957 0.01 | 0.035 | 0.003 | None | Trace 
041 | Special iron A,” galvanized...............-...+.. 103 x 12x zs 263.9 1009 0.01 | 0.026 | 0.001 | None | Trace | None 
3x 12} x 83 1461 0.01 | 0.064 | 0.120 | 0.37 | 0.08 
peste. ves 3x12x vs 81.4 1457 0.01 | 0.066 | 0.120 | 0.37 | 0.08 
025 | Bessemer steel angle.............-.0-eececeeceeces 2x2x}x12° 76 1158 0.01 | 0.105 | 0.100 | 0.45 | 0.08 
027 | Bessemer steel angle..............0sceeececeeseees 2x2x}x12° 76 1177 0.02 | 0.089 | 0.090 | 0.40 | 0.08 
029 | Open-hearth steel bar...........+.seeeeeeeereeee: 3x11}x 3% 78.1 1369 | 0.02 | 0.052 | 0.007 | 0.27 | 0.09 
GBA | bar. 80.6 1414 0.01 | 0.046 | 0.008 | 0.27 | 0.09 
033 | Open-hearth steel angle..............eceeseceeeee- 2x2x}x12° 76 1143 0.11 | 0.044 0.009 | 0.39 | 0.21 | . 
035 | Open-hearth steel angle.............-++sseeeseees. 2x2x}x12°| 76 1155 | 0.11 | 0.062 | 0.007 | 0.42 | 0.22 


Norte.—The ferrous specimens were analyzed for copper, with the resulting report that none was found. Analyses of plates 013 and 019 were made or 

former and are indicated by italics. 

: One leg of each angle for a length of 6 in. ees oat off for —-. 
plates and calcu’ weight of a steel same inal dimension =1.10: 1.00. Otherwise 

e Assumed plates homogeneous material of same unit weight as steel. 


@ Analysis of plate 010 (Series III exposed in smoke jack and lost). Si, 0.03; Fe, 2.37; Cu, 27.57; Ni, 69.68. 


on ratio of actual weight of special 


0.05 | 0.105 0.37 
1006 0.05 | 0.026 
783 
| 585 


O11 0.11 0 } ’ 0.66 0.11 0.77 1.05 1.82 0.013 021 
Mn Exposure, Exposure, es,| Exposure, Exposure, 
days: | | OO dave | | 
116 | 1.02 0.09 
0.43 0.11 0.54 0.16 0.70 0.36 1.06 0.007 1 
122 | 0.37 | 0.09 
019 | 0.39 0.11 
0.51 0.07 0.58 0.19 0.77 0.38 1.15 0.008 3 
013 | 0.37 | 0.10 
015 | None | Trace 
1.66 0.07 1.73 0.22 1.95 0.41 2.36 0.016¢ 4 
006 | None | Trace 
001 | None | Trace 
0.61 0 .08 0.69 0.14 0.83 0.43 1.26 0.009 6 
.006 | None | Trace [ 
respectively. tes 2, 5 an were exp in the smoke-) test; see a ower rows 0) or 
» the origi i lower ones to the check analysis, both on this plate alone. wig 
.—Tuirp SERIEs. 
WEEHAWKEN TUNNEL. 
Pe Average Loss per Square Inch of Surface, grams. 
r cen 
per.) First Average 
Second Examination. Third Examination. Fourth Examination. Fifth Examination. 
No. 
| | an | | | | | | | | | | 
posure, xposure, | Exposures, | “*Pposure, | Exposures, | re, | Exposures, | “Xposure, | Exposures, 
58 days. 60 days. 118 days. 60 days. | 178 days. 120 days. 298 days, | 120 days. | 418 days. 
ace 0.08 0.13 0.20 0.45 0.65 0.13 0.78 1.05 1.83 0.012 01 
ace 0.09 0.06 0.14 0.43 0.57 0.13 0.70 1.15 1.85 0.013 03 
race | None | 3.79 0.14 0.11 0.25 0.05 0.30 0.13 0.43 0.89 1.32 0.009 019 
.06 0.09 0.12 0.21 0.50 0.71 0.11 0.82 1.12 1.94 0.013 05 
.06 0.09 Plate lost in tunnel. 015 
.19 0.10 0.18 0.28 0.44 0.72 0.06 0.78 0.99 3.95. 0.012 07 
18 0.09 0.17 0.26 0.46 0.72 0.10 0.82 1.08 1.90 0.013 017 
e 0104 0.23 0.20 0.42 0.10 0.52 0.25 0.77 0.22 0.99 0.006% 09 
.08 | 1.90 | 1.58 0.05 0.05 0.10 0.19 0.29 0.22 0.51 0.64 1.15 0.008 ¢ 011 
.08 | 4.03 1.42 0.09 0.06 0.14 0.16 0.30 0.14 0.44 0.54 0.98 0.007¢ 013 
race 0.05 0.15 0.20 0.48 0.68 0.13 0.81 1.03 1.84 | 0.013 037 
race 0.05 0.09 0.13 0.51 0.64 0.12 0.76 0.68 1.44 | 0.010 039 
race | None | 0.87 0.12 0.09 0.21 0.11 0.32 0.12 0.44 0.98 1.42 0.010 041 
Second | First and third Fourth Fourth | Fifth 
xposure, | mxposures, | “XPosures | | res, * | Exposures, 
42 days. 60 days. 102 da ys. 60 days. 162 days. 120 days. 282 days. 1 days. 402 days. 
08 0.11 0.11 0.22 0.44 0.66 0.11 0.77 1.05 1.82 0.013 021 
.08 0.19 0.12 0.30 0.42 0.72 0.11 0.83 1.11 1.94 0.014 023 
.08 0.09 0.15 0.24 0.39 0.63 0.12 0.75 1.29 2.04 0.014 025 
08 0.11 0.15 0.26 0.44 0.70 0.17 0.87 1.19 2.06 0.015 027 
09 0.08 0.21 0.28 0.49 0.77 0.09 0.86 1.58 2.44 0.017 029 
).09 0.09 0.11 0.20 0.57 0.77 0.12 0.89 1.45 2.34 0.017 031 
).21 0.07 0.14 0.21 0.26 0.47 0.16 0.63 1.18 1.81 0.013 033 
). 22 0.05 0.15 0.21 0.25 0 46 0.15 0.61 1.15 1.76 0.012 035 


rere made on sheared samples; of plates 011 and 041 on drilled samples. 


Otherwise all values in last column are based upon the assumed unit weight of steel =128.3 grams per cu. in. 


The lead and zinc contents of the latter are not considered as reliable as the 
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and to introduce a new element due to the strong current of air 
and gases. The plates were all grouped on a frame within an 
area of about twenty square feet near one side of the tunnel at 
about the middle of its length (which is about 4300 feet). In 
addition, the plates of same kind were separated in location on 
the frame and the position of each plate systematically changed 
in each succeeding exposure, so it would seem that the indiv dual 
plates have been subjected to practically equal conditions, 
and the results for each exposure show fair uniformity for the 
duplicate plates, and fair proportionality for those of different 
materials. ‘ 


TABLE III.—Turrp SERIES, WEEHAWKEN TUNNEL TESTS. 
418 Days Exposure. 


Calculated Rate 
Relative Number of Corrosion 
Order of Kind of Metal. o aw! Annum in 
Resistance. Specimens. hickness per 
Surface, in. 


Special non-ferrous metal 1 0.006 
aaaenine Lead-coated, galvanized steel plates......:.... 2 0.0075 

Special-iron galvanized plate............. 1 0.009 

, Special-iron ‘‘ A,’’ galvanized plate............. 1 0.010 
Special-iron “‘ A,’”’ plain 2 0.0115 
Soft, open-hearth steel, plain plates............ 2 0.0125 
Special-iron plain 2 0.0125 
Open-hearth steel, plain angles................ 2 0.0125 

Bessemer steel, plain 2 0.0135 

2 0.017 


Open-hearth steel, plain bars................+. 


Note.—Where there are two specimens, the average rate of corrosion for the two has 
been tabulated. 


The results may be summarized by stating the metals in 
order of least loss from corrosion, together with the calculated 
average rate of loss per annum, as shown in Table III. Further 
exposures of the specimens are to be made. 

It may be interesting to note that the nature of the corrosion 
on the specimens listed in Table III, as regards appearance of 
surface after exposure and cleaning, was very much alike in all 
cases, except that of the special, non-ferrous plate; in the latter 
case, as will be noted by reference to Table II, the greatest 
rate of loss occurred in the first two exposures, and was reduced 
about 50 per cent in the last three, during which it was remarkably 
uniform, and in that respect different from the others. It was 
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noted that the early corrosion of the non-ferrous plate was not a 
uniform reduction of the surface, but was in the form of deep 
and non-uniform pitting, as if the material were non-homogeneous 
in composition and as if the corrosion acted upon certain elements 
more vigorously than on others; this pitting did not seem to 
continue so markedly in the later exposures. The corrosion 
of the other specimens was not accompanied by marked pitting 
in any case although all surfaces were more or less rough. A 
small percentage of the surfaces of the lead-coated plates retained 
the coating after the fifth exposure. 

The Third Series tests were planned to include exposures 
in engine-house smoke-jacks as well as those in the tunnel. 
A duplicate of the tunnel set was exposed in the Rensselaer 
engine-house stacks, and about one-half the specimens were lost 
by accident in the first exposure. Those lost were replaced 
with new plates of the same respective kinds, some new kinds 
added, and the tests continued at the High Bridge engine-house. 
Not more than two large specimens (11 by 12 in. approximately) 
or four small specimens (6 by 11 in. approximately) could be 
placed in any one jack, so it was impossible to insure equal 
conditions of exposure. The locations of the specimens were 
interchanged after each examination in the endeavor to obtain 
approximately equal conditions for the total average of exposures, 
but the results are still doubtful in this respect. 

Five 60-day exposures and examinations have been made for 
the original specimens (those remaining after first exposure in 
which about one-half the specimens were lost), and four 60-day 
exposures for the specimens entered in the test after the first 
exposure. By discarding certain results which were manifestly 
abnormal and probably due to certain stalls in the engine-house 
not being in use during certain periods, a set of figures has 
been derived from the losses in weight, to represent the equiva- 
lent average rate of corrosion per annum. The presentation of 
the complete tabulation of this set of tests is not considered 
as warranted because the value of the results is made questionable 
by the defects in conditions of exposure, and because reference to 
Table II will answer for the description of most of the metals. 
In Table IV are given the analyses of the kinds of metals intro- 
duced into this test which were not included in the tests covered 
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by Table II; and also of the same kinds as shown in Table II 
which showed appreciable differences in analysis. Other than 
these, the results of analyses made on the specimens of the same 
kind for the two tests were practically identical. The approxi- 
mate sizes of specimens for the smoke-jack tests were as follows: 
11 by 12 by q¢ in. for special-iron “A,” 6 by 11 by 7g in. to } in. 
for all others; except the Bessemer and open-hearth steel bars 
and angles, which were the same size as shown for corresponding 


TABLE IV.—CHEMICAL ANALYSIS OF SPECIMENS OF THIRD SERIES, SMOKE- 
JACK TESTS, WHICH DIFFER MATERIALLY FROM THOSE OF CORRESPONDING 
KINDS GIVEN IN TABLE II, AND OF KINDS NOT INCLUDED IN TABLE II. 


Chemical Analysis, per cent. 
a é 
Kind of Metal. 
040 | Special-iron A,”’ galvaniz- | | 

042 | Lead-coated, galvanized | | 

0.05} 0.034 | 0.010 | 0.41 0.18] 10.10 | 1.10]..... 
044 | Lead-coated, galvanized 

0.05] 0.035 | 0.013 |0.42}0.18| 4.65 | 2.40|..... 
050 | Wrought iron, plain....... 6.061 ©.665 | O.068 | 0.08 1 
062 | Special-iron “B,’’ galvan- 

0.05| 0.031 | 0.009 | 0 O2/trace|....... 
054 | ‘‘Special-coated’’ metal....| 0.02} 0.043 | 0.063 | 0.38 7| trace | 6.19| 0.45 
070 | Specialstecl*‘ A,"’ plain'....| 0.04] 0.048 | 0.024 
072 | Special steel‘ A,” plain'....| 0.02] 0.049 | 0.032 | 0.31] 


1 Copper content claimed for this material by party who furnished it; our chemist reported 
no copper in any of the ferrous specimens, but later found 0.008 per cent copper in a supposed 
duplicate of plates 070 and 072. 

Nore.— After the presentation of this paper at the Annual Meeting of the Society, samples 
of plates 070 and 072 were sent to the manufacturer’s chemist, who reported having analyzed 
them and finding about 0.2 per cent of copper —A. W. C. 


specimens in Table II, and the “special-coated”’ metal specimens 
which were only about 3; in. thick and disappeared during the 
fourth exposure. The latter in all probability were practically 
consumed by corrosion and fell as the result. _ 

The list of the metals in the Third Series smoke-jack tests 
in relative order of resistance, determined as explained above, 
and the calculated rate of corrosion per annum for each is 
given in Table V. 

The thought that possibly different comparative results 
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might be obtained under ordinary atmospheric conditions of 
exposure, led to the institution of a series of tests under such 
conditions. The data for the specimens exposed in this series, 
and the results for the two exposures of 120 days each, are shown 
in Table VI (Plate XVIII). It will be noted that this series 
includes a copper and an aluminum plate, and that practically 
no loss could be determined after the two exposures for either 
of these nor for the special non-ferrous metal, and only a trivial 
loss for any of the coated metals. The others are ranged in the 
following order of resistance shown in Table VII, with calculated 
rate of corrosion as given before for other tests. 


TABLE V.—THIRD SERIES, SMOKE-JACK TEsTs. 240 To 300 Days Exposure. 


| 
| Calculated Rate 


Relative | Number | of Corrosion 
Order of Kind of Metal. ° per Annum in 
Resistance. Specimens.| Thickness per 
Surface, in, 
ae a Lead-coated, galvanized steel plates........... 2 | 0 O11 
“*Special-coated"’ metal plates................ 2 0.014 
3 Special non-ferrous metal plates............... 2 0.015 
renee Special-iron ‘ A,” galvanized plate............. | 1 | 0.015 
Special-iron B,” galvanized plates............ 2 0.018 
6 Special-steel ‘‘ A,” plain plates................ 2 0.019 
Special-iron A,” plain 2 0.019 
Weetucenes Soft open-hearth steel, plain plates............ 2 0.021 
8 Bessemer steel, plain bars...............++2-- 2 0.022 
Open-hearth steel, plain angles................ 2 0.022 
Wisnvahene Open-hearth steel, plain bars.................. 2 0.023 
Special-iron **B,”’ plain : 


| Bessemer steel, plain | 025 


Note.—Where there are two specimens, the average rate of corrosion for the two has been 
tabulated. 


The excessive corrosion of one of the two steel plates “from 
Railroad Co. stock” (these plates were chosen purposely as 
representing different grades of material, although the analysis 
shows no appreciable difference except in manganese and carbon 
contents) will be at once noted. If this excessive rate continues 
in future exposures, the plate will be made a subject of special 
examination, in the endeavor to discover the cause for the same. 
It should be noted that all specimens in all series have been 
exposed in the condition they came from the manufacturers; 
that is, no preparation of surfaces was made in any case, and plain 
ferrous specimens always had the mill finish and mill scale on 
them. The plate with the excessive corrosion had lost all its 
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TaBLeE VI.—F 


Exposep on Roor or 


Plate Kind of Metal. Dimensions, Surface, defore 
No. in. sq.in, | Exposure, | __ 

grams, 
001 | Special iron B,” x | 129.9 509.5 | N 
002 | Special iron ‘B,” 12 x 12 x 291.0 1068.0 | N 
003 | Wrought iron plain (rolled from piled puddle iron)..| 6 x 12 x } 148.7 1009.0 | N 
004 | Soft open-hearth steel, plain.................00000- 6xlix} 136.3 1060.0 | N 
005 | Special non-ferrous metal, plain.................++: 12x12x ve 291.0 1232.0 N 
006 Lead-coated galvanized 6x 103 x 131.1 549.5 | N 
008 | Special iron 12 x 12x 291.0 1145.5 | N 
ated “A.” 12x12x ds 291.0 1061.5 | N 
53 x8} { 3:3.) 85.25 | A 
0013 | Steel from Railroad Co. stock “A,” plain........... 54x 10% x} 118.2 1016.0 | 0 
0014 | Steel from Railroad Co. stock ‘B,” plain........... 6xlizg xh 137.0 998.0 | 0 
0016 | Steel from Railroad Co. stock, galvanized........... 5g x 108 x 130.6 410.0 | 


1 The special steel ‘‘A’’ was understood to have been manufactured with a percentage of copper purposely int 
@ A portion of this plate is protected by a coating of paint. 


The lower figure is the area of the portion not 


TaBLeE VIII.— 


Exposep IN WEEHAWKEN TUNNEL AND | 


Weight 
Kind of Metal. Surface, 
grams, 
TuNN 
043 | Special steel “A,” plain............. 6xllx 134.1 479.0 | N 
045 | Special steel “A,” plain.............. 6x10338 133.4 471.5 | N 
049 | Copper, Ix 12x 266.9 | 1267.0 | C 
053 | Wrought iron, ll x 12x 269.8 1957.5 
SMOKE- 
074 | Copper, 52x1038 x 127.9 602.0 | C 
Wrought iron, 675 x12x 
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LE VI.—FirTH SERIEs. 
on Roor or Orrice Bui.pina. 


PLATE XVIII. 
Proc. Am. Soc. Test. MATS. 
VoL. XIll. 


CARPENTER ON TESTS ON THE RATE OF 
CORROSION OF METALS. 


Average Loss per Square Inch 
of Surface, grams. 
Chemical Analysis, per cent. Average 
Weight First Second Examination. Prom 
before Examination. Thickness, | Plate 
each No. 
| Fi First and 
| $i 8 P Mn Cc Zn Second 
120 days. | 120 days. | Exposures, 
509.5 | Noanalysis. See analyses in other test series. 0.177 0.189 | 0.366 | 0.0043 | 001 
1068 .0 No analysis. See analyses in other test series 0.002 0.003 0.005 |  sccoee 002 
1009 .0 No analysis. Probably same as 050. 0.074 0.141 0.215 0.0025 003 
1060.0 | No analysis. Probably same as 046, 07, 017. 0.078 0.125 0.203 0.0024 004 
1232.0 No analysis. Probably same as 010. 0.002 0.000 0.002. | .....- 005 
549.5 No analysis. Probably same as 011,013, 042, 044. 0.002 0.002 0.004 | 006 
1098.5 No analysis. See analyses in other test series. 0.177 0.150 0.327 0.0039 007 
1145.5 No analysis. See analyses in other test series. 0.004 0.002 OGES--1. secves 008 
1061.5 No analysis. Probably same as 070, 072. 0.184 0.112 0.296 0.0035 009 
452.5 Copper 99.76. Trace of Arsenic. 0.000 0.000 0.000 =|  wcowas 0010 
85.25 | Al. 98.5, Fe. 1.31, Silica 0.36. 0.005 0.000 0.005 | ncccce 0011 
2167.0 | No analysis. Probably same as 051, 053. 0.228 0.168 0.396 0.0047 0012 
1016.0 0.04 | 0.049 | 0.015 | 0.45 | 0.17 rr 0.034 0.072 0.106 0.0013 0013 
998.0 0.04 | 0.044 | 0.012} 0.33 | 0.08 0.321 0.328 0.649 0.0077 0014 
410.0 0.04 | 0.059 | 0.015 | 0.37 | 0.16 2.24 0.008 0.000 0016 
purposely introduced for rust resistance. See footnote to Table IV. 
portion not protected and all losses are based on that figure. 
VIII.—SixtH SERIEs. 
'UNNEL AND Broce Enaine-Hovuse Smoke Jacks. 
Chemical Analysis, per cent. acme 
Second Examination. Thickness, Plate 
120 days. 120 days. | 949 days. 
TuNNEL 
479.0 | No analysis. Probably same as 070 and 072. 0.201 0.716 0.917 : 043 
471.5 | No analysis. Probably same as 070 and 072. 0.270 0.759 1.029 esc 045 
65.0 | No analysis. Probably same as 0011. 0.085 0.268 0.353 0.013 047 
1267.0 | Copper 99.76 per cent. Trace of Arsenic. 0.300 0.039 0.339 0.004 049 
2014.0 0.040 | 0.270 |} None | 0.07 | .... | 0.33 0.378 1.030 1.408 051 
1957.5 0.039 | 0.240 | None | 0.07 | ace | er 0.317 0.832 1.149 | a 053 
First Second | First and 
602.0 Cu. 99.53 per cent. Trace of Arsenic. 0.473 0.292 0.765 oun 074 
629.5 | Probably same as 074. 0.287 0.298 0.585 076 
1120.0 No analysis. Probably same as 051 and 053. 0.500 0.367 0.867 ’ 
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Plate 


Area of 


Kind of Metal. ~ Suriace, 
001 x 103 x vs 129.9 509.5 
002 | Special iron 12x 12x 291.0 1068.0 
003 | Wrought iron plain (rolled from piled puddle iron)..| 6 x 12 x t 148.7 1009.0 
004 Soft open-hearth steel, 6xlix 136.3 1060.0 
005 | Special non-ferrous metal, plain.................+:: 12x12x ze 291.0 1232.0 
006 | Lead-coated galvanized 6x103 x 131.1 549.5 
GOP leew “A,” 12 x 12x 291.0 1098.5 
008 | Special iron 12x 12x 291.0 1145.5 
0013 | Steel from Railroad Co. stock “A,” plain........... 54x 10% x4 118.2 1016.0 
0014 | Steel from Railroad Co. stock “B,” plain........... 6xlizg x4 137.0 998.0 
0016 | Steel from Railroad Co. stock, galvanized........... 53 x10338x3| 130.6 410.0 


1 The special steel ‘‘A’’ was understood to have been manufactured with a percentage of copper purpose 
a A portion of this plate is protected by a coating of paint. 


The lower figure is the area of the portio: 


TaBLeE VI 


Exposep IN WEEHAWKEN TUNNEL 


grams, 

043 | Special steel “A,” 6xllxz 134.1 479.0 
045 | Special steel “A,” plain.............. 133.4 471.5 
053 | Wrought iron, 11x 12x t 269.8 1957.5 
8: 

6 x10 x is 132.6 629.5 
078 | Wrought iron, 675 x12x 150.0 1120.0 
080 | Wrought iron, plain................ 548 x12x} 147.0 1074.0 
084 | Steel from Railroad Co. stock “A,” plain........... 5} x 1175 x} 120.2 881.0 
086 | Steel from Railroad Co. stock “B,” plain........... 6xllx} 136.3 993.5 
088 | Steel from Railroad Co. stock, galvanized........... 6 x 10% x zg 132.6 408.0 
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"| Exposure, each No. 
grams. | Surface, 
120 days. | 120 days. | Exposures, 
509.5 No analysis. See analyses in other test series. 0.177 0.189 0.366 0.0043 001 
1068.0 No analysis. See analyses in other test series 0.002 0.003 0.005 | ceccee 002 
1009.0 No analysis. Probably same as 050. 0.074 0.141 0.215 0.0025 003 
1060.0 No analysis. Probably same as 046, 07, 017. 0.078 0.125 0.203 0.0024 004 
1232.0 No analysis. Probably same as 010. 0.002 0.000 005 
549.5 Noanalysis. Probably same as 011,013, 042, 044. 0.002 0.002 0.004 006 
1098.5 | Noanalysis. Sce analyses in other test series. 0.177 0.150 0.327 0.0039 | 007 
1145.5 No analysis. See analyses in other test series. 0.004 0.002 O:006 -). sscees 008 
1061.5 No analysis. Probably same as 070, 072. 0.184 0.112 0.296 0.0035 009 
452.5 Copper 99.76. Trace of Arsenic. 0.000 0.000 ere 0010 
85.25 | Al. 98.5, Fe. 1.31, Silica 0.36. 0.005 0.000 0011 
2167.0 No analysis. Probably same as 051, 053. 0.228 0.168 0.396 0.0047 0012 
1016.0 0.04 | 0.049 | 0.015 | 0.45 | 0.17] .... 0.034 0.072 0.106 0.0013 0013 
| 998.0 0.04 | 0.044 | 0.012 | 0.33 | 0.08 | .... 0.321 0.328 0.649 0.0077 0014 
410.0 0.04 | 0.059 | 0.015 | 0.37 | 0.16 | 2.24 0.008 0.000 0016 
TaBLeE VIII.—SixtH SERIEs. 
<EN TUNNEL AND Bripce Enaine-Hovuse Smoxe Jacks. 
| per Square Inch 
* | Exposure, eac 
8i Ss P Mn Cc Zn Silica | Exposure, | Exposure, Exposures, 
120 days. 120 days. | 240 days. 
TUNNEL PLaTEs. 
479.0 No analysis. Probably same as 070 and 072. 0.201 0.716 0.917 diets 
471.5 No analysis. Probably same as 070 and 072. 0.270 0.759 1.029 
65.0 | No analysis. Probably same as 0011. 0.085 0.268 0.353 0.013 
1267.0 | Copper 99.76 per cent. Trace of Arsenic. 0.300 0.039 0.339 0.004 
2014.0 0.040 | 0.270 |} None | 0.07 | .... | 0.33 0.378 1.030 1.408 outs 
1957.5 0.039 | 0.240 | None | 0.07 | .... | 0.27 0.317 0.832 1.149 
First Second | First and 
602.0 Cu. 99.53 per cent. Trace of Arsenic. 0.473 0.292 0.765 — 
629.5 | Probably same as 074. 0.287 0.298 0.585 
1120.0 No analysis. Probably same as 051 and 053. 0.500 0.367 0.867 rn 
: 1074.0 No analysis. Probably same as 051 and 053. 0.282 0.408 0.690 
uta fordimension. Plate lost in stack; was badly corroded in first exposure. No analysis; probably same as 0011. 
881.0 0.04 | 0.049 | 0.015 | 0.45 | 0.17 | .... cae 0.549 0.374 0.923 0.022 
993.5 0.04 | 0.044 | 0.012 | 0.33 | 0.08 ‘é6%% bewe 0.631 0.429 1.060 0.025 
408.0 0.04 | 0.059 | 0.015 | 0.37 | 0.16 | 2.24] ... 0.403 0.373 0.776 0.018 


| Plate 
| No. 
| 
043 
045 
047 
049 
051 
ore 
076 7 
088 
| | Aye 
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mill scale by the end of the second exposure, while many other 
plates had much mill scale intact, the plain ferrous plate which 
showed the least corrosion having scale remaining on at least 
50 per cent of the surface of one side, this being scattered in small 
patches or tortuous lines with rusted metal between. It is the 
intention to experiment with ferrous specimens from which the 
mill finish and scale has been removed by pickling, in the 
endeavor to determine the effect thereof. 

One other series of corrosion tests which is in progress may 
be found interesting. This is a small series instituted mainly 
to learn something of the effect of gaseous atmospheres on copper 
and aluminum. Specimens of these metals together with others 


TasBLeE VII.—FirtH SERIES, WEATHER TESTS. PLAIN FERROUS METAL 
SPECIMENS ONLY. 240 Days EXPosurRE. 


Calculated Rate 


Relative | of Corrosion 
Order of | Kind of Metal. er Annum in 
Resistance. | hickness per 
| Surface, in. 
| Steel from Railroad Co. stock plain plate............- 0.0013 
0.0077 


| Steel from Railroad Co. stock ‘‘B,”’ plain plate............. 


of steel and iron were exposed in the Weehawken tunnel and in 
the High Bridge engine-house. The data and the results for the 
two exposures of this series are shown herein in Table VIII 
(Plate XVIII). 

It will be noted that in the tunnel the rate of corrosion of 
the aluminum was about a mean between those of the steel and 
the wrought iron. After the last exposure in the tunnel the 
aluminum specimen presented a badly disintegrated appearance, 
the surface being roughened and corroded most unevenly. 
The plate shows a progressively increasing deterioration from the 
edge which was towards the blower, and which is not much 
reduced, to the other edge which was worn to a sharp, irregular 
line. In the engine-house the aluminum plate was badly cor- 
roded during the first exposure and disappeared during the 
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second exposure; the rate of corrosion in the first exposure could 
not be properly given because it was evident from a subsequent 
examination of the data that either the original dimensions or 
weight had been wrongly recorded, and when this was discovered 
the plate had been lost and the dimensions could no longer be 
checked. 

The rate of corrosion of the copper was about the same as 
that of the aluminum in the first tunnel exposure, but strangely 
dropped to a small fraction of the same for the second exposure. 
In the engine-house the rate was lower than any of the other 
metals, but not greatly so, and the rate was sustained in the 
second exposure in about the same proportion as for the other 
metals. 

It is the intention to continue the third and fourth series, 
tunnel tests, and the weather tests, and to add additional series 
from time to time in order to check the results already obtained 
and to gain information regarding other kinds of metals and 
coatings. 

Acknowledgments are due to Mr. R. W. Mahon, Chemist 
and Engineer of Tests of the New York Central and Hudson 
River Railroad Co., and a member of the Society, for the 
chemical analyses herein recorded. 
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DISCUSSION. 


Mr. A. S. CusHMAn.—I do not wish to approach the dis- Mr. Cushman. 


cussion of Mr. Carpenter’s paper in a controversial spirit, but 
I simply wish to repeat what I have stated in a number of dis- 
cussions of corrosion problems from time to time during the last 
seven or eight years, that any method of attempting to determine 
the relative resistance to corrosion of different test pieces under 
different conditions of exposure which depends upon measuring 
the loss in weight per unit area of the samples under test, is so 
misleading that, in my opinion, it leads in very many cases to 
conclusions absolutely opposite from the actual truth. A sample 
which under a given condition of exposure loses weight very 
evenly all over its surface as granular rust, may be the best 
plate in the test; whereas, another sample suffering from segre- 
gated corrosion is being damaged badly, although the loss in 
weight may be, comparatively speaking, an insignificant factor. 
If, let us say, from a smooth metallic surface a certain given 
weight of material was to be taken off for some purpose or other, 
it would be possible to remove this weight by planing off the 
surface, and yet the specimen would have been damaged perhaps 
not at all; whereas, if the same metallic surface were attacked 
with a drill in order to get an equal weight of material, the speci- 
men might be utterly destroyed for any purpose. Therefore, I 
believe that far-reaching conclusions are not justified as based 
upon tests such as those described in this paper. 

It may be said, too, that except in a very limited way, 
people do not purchase light-gage ferrous material without 
some form of protective coating for exposure to corrosive 
conditions; therefore the testing of bare, thin-gage material is 
to some extent an artificial acceleration test. A point which 
is frequently lost sight of in the study of corrosion problems 
is that only the material immediately on the surface is 
involved in the corrosion. If we are testing a plate 3 in. thick 
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to see how it will withstand corrosion, it makes no difference 
what the condition may be in the interior of the plate; it is 
the condition of the surface immediately exposed that really 
matters. If we expose test pieces with mill scale on them, 
they should all be exactly alike in order to enable us to draw 
conclusions from short-time tests, and that seems to me to be 
impossible of accomplishment. 

As Mr. Carpenter found out, and as I would have predicted, 
after his first exposure the losses were extraordinarily high 
on some of the samples, but on the second and third exposure 
those losses toned down and became less and less. That is 
exactly what one would expect from mill-scale surfaces on light- 
gage test pieces. 

Mr. J. M. OrMSBEE.—May I ask how these samples were 
prepared before testing? Were they brushed or treated in 
any way? 

Mr. A. W. CARPENTER.—The samples were exposed just 
as they came from the parties who furnished them; there was 
no preparation of the surfaces whatever, no coating of the sur- 
faces. Of course the ferrous metals all had mill scale, which, 
as I recall, was practically perfect on the surface in all cases. 

Mr. S. S. VooRHEES.—I notice that in all of these analyses, 
the copper is stated as not being present. That is rather un- 
usual. From analyses of a good many steels, I think we never 
failed to find copper in certain small amounts ranging from a 
few thousandths of one per cent up to higher percentages, and 
I should like to ask Mr. Carpenter what those copper percent- 
ages signify which are reported as none? 

Mr. CARPENTER.—That is the report of Mr. R. W. Mahon, 
Chemist, New York Central and Hudson River Railroad Co., 
and a member of the Society, who unfortunately is not present; 
it is what he reported that he found. I would not say there 
was absolutely no copper; but Mr. Mahon reported finding none. 
Whether he found traces of copper, I can not say.! 

Mr. C. P. Karr.—The first sample of the third series was 
made of copper and nickel; I should like to ask whether this 
was some alloy of copper and nickel? 


1See notes to Table IV, p. 621.—Eb. 
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Mr. CARPENTER.—Mr. President, I have not mentioned Mr. Carpenter. 
the name of any special metal; would it be proper to do so under 
the circumstances? 

THE PRESIDENT.—I think that should be left to your own The President. 
judgment, sir. 

Mr. CARPENTER.—The chemical analysis that is shown Mr. Carpenter. 
is the analysis of a plate supposed to be made from a natural 
ore. 

Mr. R. H. Gartnes.—I should like to ask Mr. Carpenter Mr. Gaines. 
if he has reached any definite conclusions as the result of these 
experiments? 

THE PRESIDENT.—I think we are proceeding a little infor- The President. 
mally in putting these interrogations categorically. They 
ought to be presented and then Mr. Carpenter should be given 
an opportunity to reply at the conclusion of the discussion. 

Mr. J. A. Capp.—I should like to call attention to the Mr. Capp. 
fact that in most of the tables the number of specimens tested 
is stated as one and in some of them as two. I should like to 
ask if it is not relatively risky to draw broad conclusions from 
one or two specimens of a material which is pretty well noted for 
the variety of the results it gives if the tests are made on a 
number of specimens. 

Mr. CLoyp M. Cuapman.—I should like to ask if any Mr. Chapman. 
record has been made, either photographic or descriptive, of 
the character of the surface as to pitting or irregularities, left es 
after the corrosion had been removed. 

THE PRESIWENT.—Is there anything further, gentlemen? The President. 

If not, will Mr. Carpenter kindly make such reply as he pleases 
in concluding the discussion? 

Mr. CARPENTER.—Referring to Mr. Cushman’s remarks, I Mr. Carpenter. 
should like to state that I agree with a good deal that he says; 
but in regard to the criticism on the figures as representing the 
rate of corrosion correctly, I desire to state that the corrosion was 
remarkably even over the surfaces of all of the specimens with ~ ‘ 
the exception of those mentioned in the paper, and especially the 
non-ferrous metal plate—the copper and nickel plate—in the 
gaseous atmosphere. ‘That plate, as I remarked in the paper, 
pitted deeply in the first exposure; the surface was pock-marked, 
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and the main loss of the plate was apparently due to what was 
eaten out in those pock-marks; after that there was very little 
loss in the plate. In that case and perhaps in the one or two 
other cases of uneven corrosion mentioned in the paper, the loss 
of weight per unit area of surface was not alone a sufficient 
measure of the corrosion, for which reason the action of the 
corrosion in those cases was particularly described; but in the 
other cases, I believe that any one seeing the plates after expo- 
sure would agree that the loss-of-weight method was a very 
satisfactory one. I have three or four plates of the first series 
with me, and it may possibly be of some interest to examine 
them. 

In regard to the mill scale, I have partially answered that 
question. We did not, ourselves, until very lately, appreciate 
the effect of mill scale on corrosion to be so important as it has 
recently been pointed out, and I stated in the paper that we 
hope to make some tests on specimens with mill scale removed. 
However, the mill scale was practically all gone after the first 
one or two exposures in the gaseous atmospheres, so that there- 
after there was no further mill-scale protection—I refer of 
course to the plain ferrous specimens. As to the condition of 
the surfaces, that can be partially noted from the plates that I 
have. We kept a descriptive record but no photographs. How- 
ever, we have nearly all the plates. : 

As to the value of the tests, it would seem that some definite 
information as to the rates of corrosion of the different kinds of 
metals, and as to the value of the different coatings, has been 
established. The work has been done carefully by parties not 
interested in the production of the materials, which were treated 
with absolute impartiality, and has been carried out under 
service conditions. While the limitations as to the number 
and sizes of test pieces are recognized and the conditions of 
exposure of some tests were far from being as satisfactory as 
desired, it is felt that the results are fairly reliable, comparable, 
and representative of the materials. 

The method of measuring the corrosion seems to be the 
only practical one, and while involving some assumptions, as 
has been pointed out, it would seem that in the case of prac- 
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tically uniform corrosion of the surfaces such as occurred in these Mr. Carpenter. 
tests, with the few exceptions noted and fully described, it must 

be accepted as a sufficiently accurate method, and since it is a 

| definite, mathematical method, involving no exercise of personal 

judgment or opinion, it would seem that this feature should 

meet with the approval of scientists in general. 
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LEAD-TIN-ANTIMONY AND TIN-ANTIMONY-COPPER 
ALLOYS. 


By WILLIAM CAMPBELL. 


Until a comparatively recent time, “the constitution and 
properties of alloys’? was considered to be a subject of great 
mystery. Workers in metals and alloys were thought to possess 
secrets and formulas which were carefully guarded from the 
outside world. To-day, thanks to the physical chemist and the 
metallographist, most of these mysteries have been cleared up 
and we understand the constitution of alloys and can correlate 
this knowledge with the results on physical properties obtained 
through scientific research in the testing of materials. 

The constitution of binary alloys can best be shown by the 
temperature-composition or thermal diagram, which shows 
not only the changes which take place when an alloy passes 
frcm the liquid to the solid condition but also the changes which 
occur in the solid state. 

The binary thermal diagrams have been collected by 
Portevin' and by Bornemann.? Guertler’s text-book of metal- 
lography discusses them exhaustively, while for the beginner, 
the theory is very clearly set forth in Desch’s “ Metallography” 
and Gulliver’s ‘‘ Metallic Alloys,” 1913 edition. 

The alloys of lead-tin-antimony and tin-antimony-copper 
are of such importance in the arts as bearing-metal, type-metal, 
white metal for small castings, etc., that a discussion of their 
constitution may not be out of place. Further, in order to make 
clear the two ternary diagrams, a brief outline will be given of 
the chief types of diagrams and their meaning. 


Brnary ALLOys. 


The physical chemist has shown us that alloys are solutions 
and can be classified according to their solubility both in the 
liquid and solid states. 


1 Revue de Metallurgie, 1908, pp. 144, 182, 274, 360, 534, 762, 838, 909; 1909, pp. 241, 
951, 963, 975. 


2 Die binaren Metallegierungen, 1909, 1912. 
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In brief we may classify binary alloys as follows: 


A.—No CoMPOUNDS ARE FORMED. 


(a) Completely soluble in 
the sclid state. 

1.—Completely soluble in the liquid state..... (b) Partially soluble in the 

solid state. 

(c) Inscluble in the solid 
state. 

(5) Partially soluble in the 
solid state. 

(c) Insoluble in the solid 
state. 

3.—Insoluble in the liquid and insoluble in the solid state. 


2 —Partially soluble in the liquid state....... 


B.—CoMPOUNDS ARE FORMED. 


1.—The compound occurs at a maximum on the freezing point curve. 

2.—The compound dissociates before reaching its melting point or, in cooling, 
forms by the reaction between one of the metals and the liquid from 
which it has crystallized. 


We can make a further classification according to the solubility 
of the compound in the two metals as above. 

In the case of the alloys of the metals under discussion, 
the solubility in the liquid state is complete, and the type ther- 
mal diagrams are given in Fig. 2. 

The thermal diagram is constructed from the temperature- 
time or cooling curves of individual alloys, the main types of 
which are given in Fig. 1. These curves show the changes in 
the rate of cooling as an alloy cools from the liquid down into 
the solid state. Curve I is that of a pure metal which cools in 
the liquid state regularly from a to b. At b the metal commences 
to freeze and the temperature remains constant due to the 
latent heat of fusion, until at c the metal is completely solid. 
From c to d the metal cools regularly in the solid state. The 
other curves illustrate the freezing of different alloys. 

Now by taking a number of alloys of two metals and plotting 
the breaks in their cooling curves on a temperature-composition 
diagram, the thermal diagram can be constructed and we can 
draw curves showing the beginning of freezing or the “liquidus,” 
and the end of freezing or the beginning of melting, called the 
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“solidus,’’ curves. Then between these two curves the metal 
consists of a mixture of liquid and solid. In addition, the 
liquidus gives the composition of the liquid at any particular 
temperature, while the solidus gives the composition of the 
solid freezing out at that temperature. So changes in composi- 
tion of the liquid and solid are given by the liquidus and solidus 
respectively. 

Let us consider first the alloys of two metals which do not 
form a compound. 

Case A-1—(a): Completely soluble in both the liquid and solid 
states.—Temperature being given in the vertical scale and 


Temperature. 


Time. 


Fic. 1.—Type Cooling Curves. 


percentage composition in the horizontal, A in Curve I, Fig. 2, 
is the freezing point of the pure metal A and B that of the pure 
metal B. The freezing point of any alloy of A and B is given 
by the liquidus or A xB; the melting point by the solidus 
AyB. Each alloy has a freezing point or cooling curve similar 
in shape to Curve II, Fig. 1, where the alloy begins to freeze at 
x and is completely solid at y. For example, in Curve I, Fig. 
2, the alloy indicated by the vertical line through x y, begins to 
freeze on reaching the point x on the liquidus. Pure metal 
A does not freeze out, but is a solid whose composition is given 
by the solidus curve for this temperature, namely m. Now as 
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freezing continues, the composition of the liquid follows the 
liquidus from x to ; that of the solid changes from m to y on 
the solidus curve, so that when completely solid the alloy has 
the composition y and consists of homogeneous grains of a solid 
solution of A and B by diffusion, while the last drop of liquid 
to freeze out had the composition 1. 

Thus the alloys of A and B, when solid, consist of a series 
of solid solutions of A and B, or alpha, which are continuous 
from pure A to pure B and vary uniformly in physical properties. 


A A A A 
iL 
I. I. w.? 
Composition. 
4 
A f 
' A e 
Ed |B aw + 
A J + |+ Ais “TTS taP 
+ | + | | Eut | + \6 
Eut. | Eut. ' Eut. | Eut. \ 
k m 
g h 
¥ ul 
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Fic. 2.—Type Thermal Diagrams of Binary Alloys. 


As examples of such a series, we have nickel-copper, gold-silver, 
iron-manganese, etc. 

Case A-1-(c): The two metals are completely soluble in all 
proportions in the liquid state, but are insoluble in each other in 
the solid state-—The thermal diagram is shown in Curve II, 
Fig. 2. The addition of B to A or A to B lowers the freezing 
point progressively and we have two curves, A C denoting the 
freezing out of A and BC the freezing out of B, which intersect 
ata point C. Thealloy C, being the alloy with the lowest freez- 
ing point, is called the “eutectic.” Above A C B, the liquidus, 
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the alloys are completely liquid; below the line d C e, the solidus, 
they are completely solid; while in the area A Cd, we have 
crystals of A in a liquid whose composition is given by the curve 
AC. In the area BCe we have crystals of B in a liquid, the 
composition of which is given by the B C branch of the liquidus. 
In the area below the solidus, d C /, we have crystals of A sur- 
rounded by a ground mass composed of a mechanical mixture 
of A and B, or the eutectic. In the area e Cf we have crystals 
of B surrounded by the eutectic. The alloy Cf which freezes 
at the intersection of the branches of the liquidus A C and BC, 
denoting the simultaneous freezing of A and B, consists of a 
mechanical mixture of A and B therefore, which is the eutectic. 

Consider the alloy represented by the vertical line x y. 
On cooling down to the point x on the liquidus A C, pure A 
begins to freeze out and the composition of the liquid follows 
the liquidus from x to C. On reaching the temperature y the 
residual liquid has the composition C and freezes as a mechanical 
mixture of A and B, the eutectic. 

The time-temperature curve of such an alloy is shown in 
Curve III, Fig. 1. From a to x the alloy is liquid, from x to y 
the metal A is freezing out, from y to c the eutectic freezes and 
from c to d the alloy cools regularly in the solid state. 

In Curve II, Fig. 2, the eutectic alloy, represented by the 
vertical line C /, begins and ends freezing at the constant tem- 
perature C. Its time-temperature curve is shown in Curve IV, 
Fig. 1, a to 6 representing uniform cooling in the liquid, b to c 
freezing at a constant temperature, c to d uniform cooling in 
the solid state. 

We may take lead-antimony as an example. 

Case A-1-(b): The two metals are partially soluble in each 
other when solid. A eutectic occurs——The curve is given in 
Curve III, Fig. 2, and has a liquidus similar to the last case. 
The solidus or end of freezing is given by AdCeB, which 
shows that the eutectic only exists between d and e, because the 
metal A will hold a maximum of d per cent of B in solid solution, 
while B will hold a maximum of e per cent of A in solid solution. 
Thus alloys up to d per cent of B and e per cent of A consist of 
solid solutions, which we may call alpha and beta respectively, 
and freeze as in Case A-1-(a). Alloys with more B or more A 
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than these limits show a eutectic which is a mechanical mixture 
of alpha and beta, and not A and B. Alloys within this range 
may be represented by the alloy x y, which on cooling from the 
liquid state begins to freeze at x by separating out a solid, 
whose composition is given by the solidus curve A d, namely 
m; and as freezing continues the composition of the liquid 
changes from x to C, and that of the solid from m to d. On 
reaching the temperature y, we have solid alpha of composition 
d and the liquid C, which then freezes as a mechanical mixture 
of alpha and beta, the eutectic. Hence, below dC we have 
crystals of alpha surrounded by the eutectic. Alloys below C e 
consist of crystals of beta surrounded by the eutectic. 

The curves df and eg are the solubility curves of B in A 
and A in B in the solid state and show decrease in solubility 
with fall of temperature. 

To be quite correct the diagram ought to show the 
a + Eutectic area only below d y, while the area below d f ought 
to be labeled a + B. Similarly, the area below e g ought to be 
8 + a. As the eutectic is composed of a mechanical mixture 
of a and B, the most simple way is to call the whole area fde g, 
a+ B. 

As examples of this group we have copper-silver, bismuth- 
tin, bismuth-lead, tin-lead, etc. 

Case A-1-(b): The two metals are partially soluble in each 
other, when solid, but no eutectic occurs—Curve IV, Fig. 2, shows 
that the addition of B to A lowers the freezing point, while the 
addition of A to B raises it, producing two branches of the 
liquidus which intersect at the point L. The solidus curve is 
AdeB. As before, alloys containing up’ to d per cent of B or e 
per cent of A consist of solid solutions, namely alpha and beta. 
Between d and e, when solid, the alloys consist of grains and 
crystals of alpha in a ground mass of beta. For an alloy repre- 
sented by the vertical line x y begins to freeze out solid alpha 
on reaching the liquidus at x as in the last case, and the composi- 
tion of the solid follows the solidus curve A d to d, while the 
liquid changes from x to L. At the temperature y, the alloy 
consists of solid alpha of composition d and the liquid L. Then 
we have the formation of solid beta by a reaction between the 
liquid L and the solid alpha and the temperature remains con- 
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stant until all of the liquid is used up and the alloy is completely 
solid; alpha in a ground mass of beta. 

The time-temperature curve of such an alloy is given in 
Curve III, Fig. 1, where x y represents the freezing out of solid 
alpha and yc the reaction between this alpha and the liquid L 
to form beta. 

In the case of the alloys whose composition lies between 
e and L, the solid alpha is all used in the reaction before the liquid 
L has disappeared; hence the resulting solid consists of beta 
alone, the composition of which is given by the branch e B of the 
solidus. Thus, in the case of the alloy represented by the 
vertical line «vw, solid alpha begins to separate out when the 
temperature reaches the liquidus at u as before and continues 
to freeze out down to the temperature v. At this point we get 
the reaction, alpha of composition d plus liquid L, forming beta 
of composition e, which continues until all of the alpha has 
disappeared. The temperature then falls, the composition of 
the liquid following the liquidus Z B, while that of the solid 
changes from e to w, when the whole mass is solid and consists 
of the solid solution beta. 

The time-temperature curve of such an alloy is given in 
Curve V, Fig. 1. The branch uv shows the separation of the 
solid alpha, the horizontal vc the reaction between alpha and 
the liquid at a constant temperature, while the branch c w shows 
the further separation of beta with fall of temperature ending 
in complete solidification at w. 

As examples we have cadmium-mercury, platinum-silver, 
copper-iron, the brasses, and the bronzes. 

Returning to Curve IV, Fig. 2, the lines df and eg show 
the change of solubility of B in A and A in B in the solid state 
with fall of temperature. 

Consider next the alloys of two metals which form a com- 
pound. 
Case B-1: The compound occurs at a maximum on the freezing- 
point curve-—The simplest case is where the compound of A 
and B or J is insoluble in the solid state in either A or B. We 
therefore get two simple curves like Curve II, Fig. 2, the alloys 
of A and J and the alloys of B and J. Such a curve is shown in 
Curve V, Fig. 2, where the compound J forms a eutectic C with 
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A and a eutectic F with B. The method of freezing is the same 
as described under Case A-1-(c) or Curve II, Fig. 2. 

As examples, we may take zinc-magnesium, lead-magnesium, 
copper-phosphorus, and copper-arsenic. 

Case B-2: The compound dissociates before reaching its melting 
point, or in cooling, forms by reaction between one of the solid 
metals and the liquid from which it has crystallized —The thermal 
diagram is shown in Curve VI, Fig. 2, where A LC B is the 
liquidus, A h Jd Ce B the solidus. The point C is the eutectic, 
a mechanical mixture of the compound J and B. Then alloys 
from pure A to J consist of A in a ground mass of J; alloys 
from J to C (or f to g) consist of the compound J surrounded 
by the eutectic; while from C g to pure B they consist of B sur- 
rounded by the eutectic. The alloy x y, representing the first 
type, begins to freeze out pure A on reaching the liquidus at x, 
and as A continues to freeze out, the composition of the liquid 
becomes richer and richer in B, following the liquidus from x 
to L. On reaching the point y, the solid A reacts with the 
liquid L to form the compound J and the temperature remains 
- constant until all of the liquid L has been used up. The resulting 
alloy therefore consists of cores of A surrounded by a ground 
mass of the compound J. 

The time-temperature curve of such an alloy is given in 
Curve III, Fig. 1, where x y indicates the freezing of pure A 
and y ¢ the reaction at constant temperature to form the com- 
pound J. 

In the case of the alloys whose composition lies between 
J and L, all of the solid A is used up before the liquid L. Thus, 
in the alloy represented by the line uv w, from u to v the pure 
metal A freezes out. At v the reaction occurs as before, but 
all of the A is used. The remaining liquid L then freezes by 
separating out the compound J, and changes in composition 
from L to C as the temperature falls from v to w. Here the 
residual liquid of the composition C freezes as a eutectic of J 
and B. 

The time-temperature curve of this alloy is given in Curve 
VI, Fig. 1, where «v represents the freezing out of the solid A, 
vc the reaction to form the compound J. At all of the A has 
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disappeared and J continues to freeze out from c to w. Finally 
we shows the freezing of the eutectic of J and B. 

Alloys between Z and C freeze normally by separating 
out the compound J, until at the temperature d C e the residual 
liquid of composition C freezes as the eutectic. Alloys from 
the eutectic C to pure B freeze as already described. 

Various modifications of these type curves could be drawn, 
showing partial solubility of the compound J in both A and B, 
and vice versa, the freezing taking place as in the cases already 
discussed. 

One case may be mentioned as bearing on the alloys under 
discussion; namely, where J and B do not form a eutectic, J 
being partially soluble in B. This is shown in Curve VII, Fig. 2. 

Alloys from pure A to J freeze as before. Alloys from J 
to L show the reaction whereby all of the A is used up before 
the liquid L. Thus in the alloy «vw, A freezes out from u to 
v; then the reaction follows and A disappears, when the tem- 
perature falls with the separation of more J, until at w we have 
the compound J and the liquid K. Further freezing occurs as 
in Curve IV, Fig. 2, substituting J for alpha, for at w we have 
the reaction between J and the liquid K to form beta of the 
composition e. This continues until all of the liquid K is used 
up and the resulting alloy consists of J surrounded by the solid 
solution beta. 

The time-temperature curve is given in Curve VI, Fig. 1, 
where uv represents the freezing out of the pure metal A, vc 
the reaction of A with the liquid L to form the compound J; 
cw shows the further separation of J while the horizontal we 
denotes the reaction between J and the liquid K to form satu- 
rated beta of composition e. Alloys to the right of L, Curve 
VII, Fig. 2, freeze as already described, substituting J for alpha. 

As an example of this type we have the alloys of tin and 
antimony. 


TERNARY ALLOYS. 


The simplest method of representing a series of ternary 
ailoys is by means of an equilateral triangle. In Fig. 3, the 
corners of the triangle represent the pure metals A, B and C. 
The binary alloys of A and B are located on the line A B which 
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is a projection of such curves as are shown in Fig. z. The 
binary alloys of B and C and of A and C are represented by the 
lines BC and A C, respectively. An alloy of all three metals 
is represented by a point within the triangle, for the sum of the 
perpendicular distances from any point within the triangle to 
the three sides is constant and is taken as equal to 100 per cent. 

Take the alloy represented by the point g in Fig. 3: the 
percentage of A is given by the perpendicular from g to BC, 
the percentage of C by the perpendicular from g to A B, while 
the percentage of B is given by the perpendicular from g to A C. 
If we wish to indicate temperature the scale must be perpen- 
dicular to the plane of the triangle and we must construct a 
solid figure. 

Case I. -The simplest case is that in which each pair of 


Fic. 3.—Ternary Diagram. 


metals has a curve similar to Curve II, Fig. 2. That is, when 
the pairs are completely soluble in the liquid state and insoluble in 
the solid. This is shown in Fig. 3. The side A B is the pro- 
jection of Curve II, Fig. 2, and the point / is the binary eutectic 
of A and B corresponding to the alloy Cf in Curve II, Fig. 2. 
The fall of temperature is indicated by the arrows. Similarly, 
d is the binary eutectic of A and C, and e the binary eutectic 
of B and C. The point g is the ternary eutectic and is the 
lowest temperature on the diagram. 

Within the area Adgf the metal A freezes out first; 
within the area Bf ge, B is the first to form; while in the area 
Cd ge the metal C separates out first. 

For example, the alloy corresponding to x begins to solidify 
by separating out pure C and the composition of the liquid 
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changes from x to y (a projection through C). On reaching y 
the metal A begins to freeze, and A and C freeze out together, 
while the liquid changes from y to g. On reaching g, the residual 
liquid freezes out as a mechanical mixture of A, B and C, the 
ternary eutectic. Other alloys ‘freeze similarly, the line dg 
denoting the simultaneous freezing of A and C, the line eg 
the binary B and C, while fg is the binary A and B. 

Charpy! has worked out the lead-tin-bismuth diagram, 
Stoffel? the diagrams for lead-tin-cadmium and bismuth-tin- 
cadmium. 

In Fig. 3, suppose C represents bismuth, A represents tin 
and B represents lead. Then in the alloy x, bismuth will 
freeze first while the liquid changes from x to y. From y to g, 
bismuth and tin will freeze out side by side on the already 
formed crystals of bismuth, and when the liquid reaches g the 
ternary eutectic of lead, bismuth and tin will freeze. Fig. 16 
will represent such an alloy. The white cubes are the bismuth 
crystals which first formed. The half-tone envelopes around 
them are the binary bismuth-tin, while the black ground mass 
is the ternary eutectic. 

The time-temperature curve of such an alloy is shown in 
Curve VII, Fig. 1, where x y denotes the freezing of the metal 
C (bismuth) from x to y on Fig. 3; y g denotes the simultaneous 
freezing of bismuth and tin (C and A) in Fig. 3 from y to g; 
while ge is the freezing of the ternary eutectic of bismuth, tin 
and lead (C, A and B) at the point g in Fig. 3. 

Fig. 17 would represent an alloy of composition y, Fig. 3, 
the half-tone masses being the binary A and C or tin and bis- 
muth, the dark ground mass the ternary eutectic as before. 

More complicated cases have been worked out by Geer,’ 
and by Sahmen and Vegesack,* of which three are now given. 

Case IT.—The two metals A and B and the two A and C 
form eutectics as in Curve II, Fig. 2, but C and B show a reaction 
as in Curve IV, Fig. 2. Such a ternary system is shown in Fig. 4, 
where d is the eutectic of A and C, f is the eutectic of A and B, 


1 Metallographist, Vol. II, p. 26 (1899). 

2 Zeitschrift fiir anorganische Chemie, Vol. 53, p. 137. 

3 Journal of Physical Chemistry, Vol. VIII, p. 237 (1904). 

4 Zeiischrift fiir physikalische Chemie, Vol. 59, p. 257 (1907). 
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while e corresponds to the point L, Curve IV, Fig. 2, the reaction 
point. Then the line e g shows the reaction between the C-rich 
solid solution and the liquid e g to form the B-rich solid solution, 
as in Curve IV, Fig. 2. At the point g, Fig. 4, we do not get a 
ternary eutectic but a reaction between the C-rich solid solution 
and the liquid g to form the B-rich solid solution and solid A. 
Assuming that the eutectic f freezes at a lower temperature 
than the eutectic d, then / will be the lowest temperature on the 
diagram and therefore the eutectic of the whole series, for as we 
get a continuous slope from C through e to B, gf will slope to 
f, and will represent the simultaneous freezing of A and the 
B-rich solid solution. 

For example, take the alloy x, Fig. 4. On freezing, pure 


Fic. 4.—Ternary Diagram. 


A will crystallize out and the liquid will change from x to y. 
Next, we shall have the binary A and C (containing increasing 
amounts of B in solid solution) freezing out and the liquid 
passing from y to g. At g occurs the reaction between C and 
the liquid g to form the B-rich solid solution plus A. This 
continues until all of the liquid or all of the C is used. [If all of 
the liquid is used then the alloy becomes solid at g. If all 
of the C is used, then freezing continues, with the simultaneous 
freezing of A and B (containing C in solid solution in decreasing 
amounts), and the liquid follows the line g f. 

Now with the alloy u, Fig. 4, the first solid to form is C, 
containing B in solid solution in amounts increasing as the 
temperature falls and the liquid passes from uw tov. On reaching 
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the curve eg at v, the reaction takes place between the C-rich 
solid solution and the liquid, producing the B-rich solid solution, 
and this continues as the liquid changes from v to g. At g we 
get the reaction as above described. 

An alloy within the area e g f B will start to freeze by sepa- 
rating out the B-rich solid solution, and the liquid will finally 
reach the curve g f when the simultaneous freezing of A and the 
B-rich solid solution will occur as before. 

Case III.—The two pairs A and C, and B and C, form 
eutectics as in Curve II, Fig. 2, but A and B form a compound J 
which does not occur at a maximum on the freezing point curve, 
as in Curve VI, Fig. 2. The ternary diagram is shown in Fig. 5, 
where d is the eutectic of A and C, ¢ is the eutectic of B and C, 


Fic. 5.—Ternary Diagram. 


g is the ternary eutectic of C, B and J, and 0 is a reaction point 
where solid A plus liquid o react to form the compound J plus 
solid C. 

Within the area A Lod the metal A crystallizes first, 
within the area C do ge the metal C is the first to freeze, while 
in the area Lo gf the compound J forms first, and in the area 
Bf ge, the metal B first crystallizes. Then do represents the 
simultaneous freezing of A and C, eg that of B and C, f g that 
of J and B, while og is that of J and C. The curve Loisa 
reaction line, A plus liquid L o equals J. 

The alloy x on reaching its freezing point begins to separate 
out crystals of C, which continue to form while the liquid changes 
from x to y. On reaching y there is a simultaneous solidification 
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of A and C, which continues while the liquid changes from y 
to 0. Ato occurs the reaction between A and the liquid o to 
form the compound J plus C. If the liquid is all used before 
the metal A, then the alloy becomes solid at o. If the metal 
A is used before the liquid 0, freezing continues with fall of 
temperature by the simultaneous freezing out of J and C, the 
composition of the liquid following the curve o g until the ternary 
eutectic is reached at g, when the residual liquid freezes as a 
mechanical mixture of J, C and B. 

The alloy v begins to freeze by separating out the metal 
C and the liquid follows vw to w, where the simultaneous freezing 
of J and C begins as before, and the liquid changes from w to g, 
the ternary eutectic as above. 


> 7 


Fic. 6.—Ternary Diagram. 


The alloy #, on reaching its freezing point, begins to solidify 
by separating out the compound J, and the liquid changes in 
composition from ¢ to u as J continues to form. At u the binary 
separation of J and B begins and the liquid then follows ug 
to g, the ternary eutectic. 

Alloys in the other areas freeze as already described. 

Case IV.—The metals A and C form a eutectic; A and B 
form a compound J asin Case III; the metals C and B show no 
eutectic, but a reaction point as in Curve IV, Fig. 2. 

In Fig. 6, the freezing takes place as already described, but 
the point g is areaction point as in Fig. 4, and not the ternary 
eutectic. Hence, f is the lowest point on the diagram and is 
therefore the eutectic of the series. 
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. In short, do is the binary freezing of A and C, o g that of 
J and C, eg the reaction line whereby the B-rich solid solution 
forms at the expense of the C-rich one. Lo is the reaction line 
for the formation of the compound J and gf the simultaneous 
freezing of the compound J and the B-rich solid solution. 

Case V.—The metals A and B, and B and C, form eutectics 
as in Curve II, Fig. 2. A and C form a compound, and a reaction 
occurs between this compvund and the liquid to form a solid 
solution rich in C—there being no eutectic, as in Curve VII, 
Fig. 2. 

This is shown in Fig. 9, which represents the lead-tin- 
antimony series and will be discussed later. 


Tue LEApD-TIN-ANTIMONY SERIES. 


The ternary alloys of lead, tin and antimony find considerable 
application in the arts as bearing-metal, type-metal, white- 
metal for small castings, etc. 

In regard to the composition of alloys used in practice 
the list given in Table I embraces the most important. A few 
alloys containing a small amount of copper are also given for 
comparison, Table II. Looking down the list we see that the 
antimony never exceeds 30 per cent. The lead varies from 93 
down to 5 per cent and the tin from 1 up to 75 per cent. There 
is no uniform variation, however. 

The physical properties of this series of alloys are not 
very well known; at least, they have not been published in detail, 
and while the anti-frictional qualities within certain limits of 
use do not show the wide differences one would expect from the 
variation in composition, there is probably a fairly marked 
difference in crushing strength as we pass from the lead-rich 
to the tin-rich side, judging from the structure. 

Charpy! in a study of white alloys called anti-friction, 
examined some alloys of the lead-tin-antimony group in regard 
to their crushing strength and microstructure. 

Before taking up the ternary alloys a few notes on the 
binary alloys will be given. 

Lead-Antimony.—Antimony freezes at 631° C., lead at 


1 Metallographist, Vol. II, p. 9 (1899). 
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TABLE I.—COMPOSITION OF LEAD-TIN-ANTIMONY ALLOYS. 


Percentage of 
No Name of Metal. —- Authority. 
Anti- ther 
Lead Tin mony.| Metals. 
1 | Electrotype...........+06. 93.0 3.0 4.0 
2 | Bearing......0csesssececeess 86.0 1.0 13.0 
85.0 3.0 12.0 
4 | Bearing... ..cceccccerceseses 83.3 8.3 8.3 
5 | English Linotype............ 83.0 5.0 Kaiser. 
6 | English Stereotype........... 82.5 4.5 Kaiser. 
7 | Stereotype..........00-.---- 82.0 6.0 12.0 
2.0 16.0 
80.0 10.0 10.0 
11 | Bearing, Compagnie del'Est..| 80.0 12.0 OG eRe Charpy, Guillet. 
80.0 5.0 Guillemin, Guillet. 
13 | Bearing, like ““Glyco,” ete....| 80.5 4.5 14.5 As 0.5 
14 | Bearing, like ‘* Magnolia”’ 78.0 6.0 16.0 
15 | Bearing, Magnoliaand Tandem 5.9 Law, Thurston. 
77.5 6.5 16.0 
17 | 76.0 4.0 Kaiser. 
76.0 7.0 17.0 
19 | Metallic packing, Compagnie 
22 | Bearing, American R. R. 
(also English Monotype)...| 73.5 8.0 18.5 
23 | Piston Packing, Compagnie 
24 | Bearing, French R.R..... 20.0 | | 30.0 Charpy. 
25 | Stereotype, Mackenzie........ 70.0 | 13.0 BP Broksxcanas Thurston. 
26 | Bearing, Paris-Lyon-Mediter- 
28 | Bearing, American 68.0 21.0 11.0 
29 | Bearing, Graphite.. 15.0 Dudley, Guillet. 
31 | Locomotive bushing.......... 65.6 18.8 BE heauvescces Kaiser. 
32 | Bearing....... 62.0 27.0 10.0 
60.0 35.0 5.0 
34 | Type, 60.0 | 34.6 Kaiser. 
60.0 20.0 20.0 | Brannt. 
60.0 15.0 25.0 Kaiser. 
37 | Type, 60.0 10.0 Law. 
i errr 60.0 | 39.0 1.0 | 
30 | 55.5 | 40.0 | 4.5 | 
40 | Type, 50.0 25.0 Law. 
ke, 55.0 22.0 Kaiser. 
42 | Type, French..........++++- 55.0 | 15.0 | 30.0 |.......... Kaiser. 
43 | 42.0 | 46.0 Hiorns, Guillet. 
44 | Bearing, Chemin de fer 
del’Est Frangais........... 48:0 | 40.0 | 96.0 |... Guillet. 
46 | Bearing, Italian R. R......... 37.0 38.0 oe oy Ree Thurston, Guillet. 
35.0 | 60.0 Berthier, Thurston. 
10.0 | 75.0 15.0 
49 | For small castings............ 5.0 | 75.0 20.0 


327° C. The addition of lead to antimony, or of antimony 
to lead, lowers the freezing point. The freezing-point diagram, 
showing the relation of percentage composition to temperature of 
freezing, was worked out by Roland-Gosselin,' who found that 


1 Gautier, Bulletin de la Société d’Encouragement, Fifth Series, Vol. I, 1896, p. 1293. 
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the eutectic or alloy with the lowest freezing point contained 
13 per cent antimony and froze at 228° C. 

Stead,' in a paper on the microchemical examination of 
lead-antimony alloys, showed the eutectic contained 12.8 per 
cent antimony and froze at 247° C. Gontermann? gave 13 
per cent and 245° C. 

The freezing-point, or thermal diagram, is shown in Fig. 7. 
Temperatures are represented in the vertical scale and per- 


TABLE II.—CoMmposITION OF LEAD-TIN-ANTIMONY-CoPPER ALLOYS. 


| Percentage of 


No. Name of Metal. Authority. 
7 nti- ther 
Lead. Tin mony. Copper.| Motals. 
1 | Bearing. . 7.4 0.5 
2 | Hard lead.. 80.0 7.5 12.0 0.5 : a Kaiser. 
3 | Bearing (Katzenstein) | 77.6 7.3 16.8 0.4 ..| Kaiser. 
4 | Anti-friction.......... 77.0 | 10.0 12.5 0.5 
5 | Anti-friction.......... | 77.0 | 8.0] 14.0 1.0 
77.0| 5.0] 15.0| 2.3 
7 | Bearing, A...........| 73.0 | 8.5 | 18.0] 0.4 
8 Rearing: C:. $8.0 | 9.6 20.5 1.6 
9 | Be 1.0 18.5 2.0 
10 70.0 | 10.0 | 18.0 Roberts-Austen. 
11 English, Old. 69.2 | 9.1 19.5 Kaiser. 
12 Type.. ; my," 63.2 12.0 24.0 0.8 
13 Bearing. . ie Bawa 62.5 | 26.2 10.0 1.3 
16 | Type, Krupp.........| 59.6 | 12:0 | 18.0 | 4:7 |{ Ri47 \| Kaiser. 
17 | Type, English. . 58.0 | 15.0 | 26.0 1.0 Kaiser. 
18 | Bearing. . .| 48.0 40.0 10.0 2.0 
19 | Bearing, ‘American. . | 46.0 | 36.5 16.5 1.0 
20 | Bearing, German. 40.0 
21 | Bearing. . | 50. 2.0 
22 | White... | 33.0 | 53.0 | 10.6 | 2.4 | Zn1.0 | Roberts-Austen. 
24 | Bearing. | 25.5 | 61. ‘5 ; | 
25 | Pewter. 11.5 87.2 5.7 Kaiser. 
26 | Bearing. 11.8 | 74.0 9.5 4.7 | | 
10.0 75.0 12.0 3.0 | 


centage composition in the horizontal, as before. A, or 631° C., 
shows the freezing point of antimony, which is lowered along 
the curve Ar as the proportion of lead in the alloy increases. 
Stiiiarly B, or 327° C., is the freezing point of lead which is 
depressed along the curve Br as the antimony in the alloy 
increases. These two curves, indicating the freezing out of 


1 Journal, Society of Chemical Industry, March and June, 1897. Metallographist, Vol. I, 
p. 179 (1898). 
2 Zeitschrift fiir anorganische Chemie, Vol. 55, p. 419 (1907). 
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the antimony and the lead respectively, intersect at the point r 
or 13 per cent antimony at 247° C., the eutectic alloy, which is 
composed of a mechanical mixture of lead and antimony due to 
their simultaneous freezing. 

Thus alloys containing 100 to 13 per cent antimony are 
composed of crystals of antimony in an increasing amount of 
the eutectic or ground mass; a type of structure which is shown 
in Figs. 12, 13 and 14. At 13 per cent antimony the alloy is all 
eutectic and may be represented by Fig. 15. Alloys from zero 
to 13 per cent antimony are composed of crystals of lead in 
dendritic form set in an increasing amount of the eutectic. 
Fig. 18 represents this type. 

In short, above the curve ArB the alloys are completely 
liquid, below the horizontal line at 247° C. everything is solid. 


A 631°C. 
247°C, 
dt 
Antimony + Eutect: 
Sb ny 1c Pb 


Fic. 7.—The Lead-Antimony Thermal Diagram. 


In the left triangle, we have crystals of antimony in a liquid 
alloy; in the right triangle crystals of lead in a liquid. 

Lead-antimony alloys are used as bearing-metal, type- 
metal, hard lead, etc. 

Lead-Tin.—The curve for lead and tin is similar to that of 
lead and antimony. As determined by Kupffer,' the eutectic 
contains 37 per cent lead and freezes at 182° C. Charpy? 
gives 38 per cent lead, 62 per cent tin. Roberts-Austen* gave 
the point at 68 per cent tin and 180° C. and published curves 
showing tensile strength and extensibility. Tucker and Rosen- 
hain‘ found the exact point to be 63 per cent tin, freezing at 
182°.5 C. 


1 Annales de Chimie et de Physique, 2d Series, Vol. XL, p. 289. 

2 Metallographist, Vol. II, p. 9 (1899). 

8 Fourth Report, Alloys Research Committee, Inst. Mech. Engrs., Feb., 1897. 
4 Philosophical Transactions, Royal Society, Vol. 209 A, p. 89 (1909). 
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Thus alloys with less than 63 per cent tin are composed of 
crystals of lead set in the eutectic; those with more than 63 
per cent tin are composed of crystals of tin set in the eutectic. 
Solid lead holds some tin in solution, the amount varying with 
the rate of freezing. Rosenhain and Tucker were able to get 
16 per cent in solution by long annealing. As ordinarily made, 
however, the amount is very much less. Changes in the solid 
also occur. 

The lead-tin alloys are used as solders and pewter, in the 
manufacture of toys, etc. 

Tin-Antimony.—From a microscopic study of alloys of 
antimony and tin Charpy' found a definite compound containing 
about 50 per cent antimony which forms isomorphous mixtures 
with antimony. He found (incorrectly) a eutectic at about 
10 per cent antimony. 

Stead? showed that up to 7.5 per cent antimony the alloys 
consist of a solid solution, above this point cubes of a compound 
SbSn separate out when the alloy freezes. At the antimony 
end of the series crystals of antimony are the first to form. 

The constitution of these alloys was not understood until 
Reinders* published his thermal diagram. Later Gallagher 
modified the curve and showed a thermal transformation in 
the cubes (SbSn of Stead) at about 315° C. 

Williams® gave a simpler curve and omitted the transforma- 
tion at 315° C. The main points of these three curves are 
the same however, and Fig. 8 is taken from them, somewhat 
simplified, to explain the main changes, which were discussed 
under Curve VII, Fig. 2. 

The addition of tin to antimony lowers the freezing point 
progressively. The curve, Fig. 8, shows two inflections at f and 
d with two horizontals fg handdeg;. Thereisno true eutectic, 
as pure tin freezes lower than any of the alloys of the series. 
Such a curve shows that above A fdC all is liquid; below 
Ahgg,eC all is solid. Between these two curves we have a 
mixture of solid and liquid. It also shows that at 422° C., 


1 Metallographist, Vol. I, p. 197 (1898). 

2 Journal, Soc. of Chem. Ind., Dec. 31, 1898. Metallographist, Vol. II, p. 314 (1899). 
3 Zeitschrift fiir anorganische Chemie, Vol. 25, p. 113 (1909). 

4 Journal of Physical Chemistry, Vol. X, p. 93 (1906). 

5 Zeitschrift fiir anorganische Chemie, Vol. 35, p. 12 (1907). 
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the alloys from 90 to 50 per cent antimony show a reaction 
whereby the solid corresponding to / reacts with the liquid 
corresponding to f to form solid g. Now / is antimony con- 
taining 10 per cent tin in solid solution, SbB for short; g 
corresponds to SbSn. The liquid f contains about 50 per cent 
antimony. Similarly at 244° C. we have the reaction of g or 
SbSn with the liquid d (8 per cent antimony) to form the solid 
e containing 10 per cent (a solid solution of tin with 10 per cent 
of antimony, or Sna for short). Then from 100 to 90 per cent 
antimony we have SbB. From 90 to 52 per cent antimony 
we have Sb8 surrounded by a ground mass of SbSn. From 
52 to 10 per cent antimony we have SbSn in a ground mass 
of Sna (Fig. 21) while from 10 to 0 per cent antimony we have 
Sna, tin containing antimony in solid solution.! 

For the sake of simplicity we have omitted the change in 


63)" 
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Fic. 8.—The Tin-Antimony Thermal Diagram. 


the SbSn at 315° C. and also the fact that SbSn probably is capa- 
ble of holding some 2 per cent of tin in solid solution. In 
addition, while antimony dissolves 10 per cent tin at 422° C., 
the amount at ordinary temperatures is much less. 

Tin-antimony alloys have been used as the basis of bri- 
tannia metal, for anti-friction alloys, for processes of engraving, 
etc. 

Lead-Tin-Antimony.—The ternary diagram has been worked 
out by R. Loebe? and by Campbell and Elder.** It is Case V 
above, namely where AB and BC form eutectics and have 
curves represented by Fig. 7, or Curve II, Fig. 2, while the pair 
A C shows no eutectic as in Curve VII, Fig. 2, or Fig. 8. 


1 Type photographs, Camphell. Journal, Amer. Chem. Soc., Vol. VI, p. 1308 (1904). 
2 Metallurgie, Vol. VIII, p. 7 (1911). 

3 School of Mines Quarterly, Vol. XXXII, p. 244. 

4 Metallurgie, Vol. IX, p. 422 (1912). 
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Fig. 9 gives such a ternary diagram and the following is a 
brief description of the changes that take place when an alloy 
solidifies. A represents antimony, B is lead and Cis tin. ‘Then 
r is the eutectic of lead and antimony with 13 per cent antimony, 
freezing at 247° C.; q is the eutectic of lead and tin with 63 
per cent of tin, freezing at 182°C. On the side AC the point g 
represents SbSn, f the reaction point at 422° (/ in Fig. 8), d the 
reaction point at 244° (d in Fig. 8), and e is 10 per cent anti- 
mony, or saturated Sna. 

In the area ArOf the first solid to form is antimony 
(with a little tin in solid solution). In the area BrOPg, lead 
crystallizes out first. In fOPd, SbSn forms first, while in 


Ne 


Pb 10 20.30 40 50 60770 80 905Sn 


Fic. 9.—The Lead-Tin-Antimony Diagram. 


CdPq, tin crystallizes out first with more or less antimony in 
solid solution (Sna). 

Assuming for the sake of simplicity that pure antimony 
crystallizes out, in the triangle AOr an alloy will deposit crystals 
of antimony on freezing until the composition of the liquid 
reaches a point on the line rO. Then we shall have lead and 
antimony freezing out side by side and the liquid composition 
sliding down the line 7O till it reaches the reaction point O. 
At this point we have the reaction antimony crystals plus 
liquid O forming solid SbSn+Pb. If the liquid is used before 
the antimony the alloy becomes solid at O. If not, when the 
antimony has disappeared the liquid follows the line OP and 
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we have SbSn and Pb separating out side by side till the alloy 
finally is all solid. 

In the area BOr the first to freeze are crystals of lead and 
the liquid reaches the line vO, the further changes being as 
above. 

In the area AOf, antimony crystals freeze out and the | 
liquid reaches the line fO and follows down it toward O. This 
change in composition of the liquid is brought about through a 
reaction between the solid antimony and the liquid to form 
SbSn. On reaching O as before we have the reaction above men- 
tioned, but if the antimony is all gone before the liquid reaches 
O; further solidification occurs as in the next case. 

In the area f/PO, SbSn crystallizes and the liquid reaches 
the line OP and follows it due to the simultaneous freezing 
of SbSn and Pb. On reaching the point P we have another 
reaction similar to the one at O. Here SbSn plus liquid P 
react to form solid Sna+Pb. As before, if all of the SbSn is 
used before the liquid P, further freezing follows the line Pq and 
the alloy finally goes solid. 

In the area BOP, lead freezes out first and the liquid 
on reaching line OP follows it as above. 

In the area BP, lead crystallizes out first and on the 
liquid reaching the line Pg, lead and tin (Sna) freeze out side 
by side till g, the binary eutectic of lead and tin, also the eutectic 
of the system, is reached. 

In the area {Pd crystals of SbSn are the first to form. 
When the liquid reaches the line dP this stops and we get the 
reaction SbSn+liquid=Sna, which continues as the liquid 
follows the curve dP to P. If the liquid uses all of the SbSn 
before P is reached, further freezing takes place as in the next 
case. If not, then at P we get the reaction SbSn-+liquid P 
=Sna-+Pb, and the alloy finally becomes solid. 

In the area CdPq we have the tin solid solution (Sna) 
first freezing out and the liquid reaches the line Pq as before. 

In short, the line vO, the boundary between the antimony 
area and the lead area, represents the simultaneous freezing of 
lead and antimony. ‘The line OP is the boundary between 
the lead and the antimony-tin areas and represents the simul- 
taneous freezing of Pb and SbSn, while Pg is the boundary 
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between lead and tin and represents the simultaneous freezing 
of these two. All of these give structures resembling that of a 
true eutectic. 

On the other hand the boundary line /O represents the 
reaction whereby SbSn forms at the expense of the antimony 
and dP represents the reaction whereby Sna forms at the expense 
of SbSn. The two points are: 


(1) O at 80 per cent lead, 10 per cent tin, and 10 per cent 
antimony at 245° C. 

(2) P at 40 per cent lead, 57.5 per cent tin, and 2.5 per cent 
antimony at 189° C. 


Microstructure—In the preparation of sections for the 
microscope the pieces must be sawed through vertically because 
there is often a marked difference between the top and the bottom 
of the specimen. ‘This is due to the fact that both the antimony 
and the SbSn crystals are much lighter than the liquid out of 
which they freeze, and they therefore tend to float to the sur- 
face of the melt. After cutting with a saw, the surface of the 
section must be carefully filed to take off all of the surface altered 
in the process of cutting. If this is not done, the structure will 
be broken up and obscure. After polishing in the usual way, 
the final polish on a rouge board must be continued longer than 
usual until a good surface is obtained. As an etching reagent, 
two-per-cent nitric acid in alcohol is very good. 

With small melts cooled in the air the structure shows that 
equilibrium is not always established. Alloys in that part of the 
area ArOf, Fig. 9, whose antimony ought all to have disappeared 
due to the reaction on fO or at O, often show undissolved cores 
of antimony. Similarly with SbSn in the area fOPd. With 
very slow cooling, of course, conditions would have brought 
about more complete equilibrium. 

The microstructure of the series is typically shown in the 
following photographs, magnified 45 diameters. 

Fig. 12.—Pb 83, Sn 2, Sb 15.—An alloy from the area AOr, 
Fig. 9. The white crystals are antimony surrounded by the 
binary Pb and Sb which froze along rO. The ground mass is a 
mixture of Pb and SbSn which froze by reaction of the solid 
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antimony and the liquid at O. Owing to the comparatively 
rapid rate of cooling, equilibrium was not reached at O and 
freezing continued along OP as shown by the cooling curve 
of this alloy. 

Fig. 138.—Pb 75, Sn 10, Sb 15.—The white crystals are 
antimony surrounded by the ground mass of Pb and SbSn which 
froze at O and along OP as above. ‘The view is from the top 
of the alloy and is comparatively rich in Sb because the crystals, 
being lighter than the liquid out of which they froze, rise towards 
the surface. 

Fig. 14 represents an alloy from the area gOP near O, 
Fig. 9. The white cubes are SbSn, surrounded by the binary 
Pb-SbSn. The view is from the top of melt. 

Fig. 15 shows another part of the same alloy composed 
almost entirely of the binary Pb-SbSn, showing its characteristic 
skeleton structure. 

Fig. 16.—Pb 60, Sn 25, Sb 15—White crystals of SbSn 
surrounded by a half-tone envelope of the binary Pb-SbSn 
which froze along OP, while the dark ground mass froze at 
the point P by reaction, whereby SbSn plus liquid P formed 
Sna+Pb. 

Fig. 17.—Pb 67, Sn 25, Sb 8—An alloy on the line OP, 
Fig. 9. The white masses are the binary Pb-SbSn, surrounded 
by the dark ground mass, which froze by reaction at P as before. 

Fig. 18—Pb 85.5, Sn 5, Sb 9.5, Bi 0.5.—This has the 
structure of alloys in the area BOr, Fig.9. The black dendrites 
are lead, surrounded by the binary Pb-SbSn which became solid 
at O as in Fig. 13. . 

Fig. 19.—Pb 37.5, Sn 60, Sb 2.5.—An alloy from the area 
CdPq, Fig.9. The white dendrites are Sna@ surrounded by the 
binary Pb-Sna which froze along Pq. 

Fig. 20.—Pb 40, Sn 57.5, Sb 2.5.—The alloy P, a mechanical 
mixture of Pb and Sna which froze along Pq. 

Fig. 21.—Pb 10, Sn 67.5, Sb 22.5.—An alloy from the area 
gPd, Fig. 9. The white cubes are SbSn set in the lighter Sna. 
Equilibrium was not reached on account of too rapid cooling and 
the dark envelopes around the Sna are the beginning of the 
binary Pb-Sne which freezes along Pq. 
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THE ALLoys oF Tin, ANTIMONY AND CopPER. 


These alloys find extensive use as bearing metal, britannia 
metal, etc. Table III gives some typical analyses from various 
sources and shows that the tin usually exceeds 70 per cent, 
the antimony usually is less than 20 per cent and the copper 
under 10 per cent. Charpy! examined some twenty alloys as 
regards microstructure and compressive strength. Before 
discussing the ternary alloys a word or two must be said of the 
copper-tin series. 


1100 }A 
1084- 
I = Solid Solution, Alpha. 
1000 ? I = Solid Solution, Beta. 
Cu, Sn. 
W=Cug5Sn. 
V=Cu Sn. 
0 b\B 
795° 
3 
700 
a I+Z I D 
g 600} m 
500° +m}, W + Liquid 
° 
Eutec- | + 
300} toid 'Eutd| V = Liquid 
V+vV 
232" 
200+ gontliquid 
V = Eutectic Sn+Eutectic 
too L—2 Pi 


A v 
0) 10 20 30 40 50 60 70 80 90 100 
Percentage of Tin 


Fic. 10.—The Copper-Tin Thermal Diagram. 


Copper-Tin Series.—In Fig. 10 is given a simplified diagram. 
Some of the changes have been omitted (for example, that which 
occurs in the alloys between ¢ and C at 740° C.), because the 
various researches, notably by Heycock and Neville, Shepherd 
and Blough,? Giolitti and Tavanti,* do not agree, and these 
points are still unsettled. The freezing-point curve or liquidus 
is A BC DEFG. The solidus or end of freezing is given by 


1 Metallographist, Vol. II, p. 9 (1899). 
2 Journal of Physical Chemistry, Vol. X, p. 630 (1906). 
3 Gazetta Chimica Italiana, Vol. 38, II, p. 209 (1908). 
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TABLE III.—CoMPosITION OF TIN-ANTIMONY-COPPER ALLOYS. 


Z 
° 


Percentage of 


| 


Name of Metal. Authority. 
Anti- Other 
Tin. | mony. \COPPer-| Metals. 
E 94.0 5.0 1.0 Law. 
Britannia, spinning............ 93.7 3.75| 2.6 Kaiser. 
91.5 7.3 1.4 Kaiser. 
91.0 4.5 4.5 
Bearing, Prussian. . 6.0 Kaiser. 
English Britannia, sheet. 90.6 7.8 Brannt. 
English Britannia, cast. ..| 90.6 9.2 Law. 
90.0 6.0 4.0 
Bearing, Russian R. R.. 90.0 8.0 2 eer Thurston. 
English Britannia. . Pe 6.0 2.0 | Bi2.0 Law. 
English Britannia, Bearing. Saye wk | 90.0 7.0 3.0 |...........-| Law, Kaiser. 
Auto Bearing, American........ 89.0 7.0 Kaiser. 
| 89.3 7.0 1.8 Pb 1.8 Brannt. 
89.3 7.6 1.8 Kaiser. 
87.2 5.7 1.6 | Pb 11.5 Kaiser. 
84.7 6.8 Bi6.8 Kaiser. 
88.5 3.5 Zn 0.9 Law. 
Britannia, spoons ............. 88.4 8.7 Kaiser 
White, Hanover...............| 86.8 7.6 Kaiser 
English Britannia............. 85.5 9.7 1.8 Zn 3.0 aw. 
English, Britannia, cast......... 85.5 10.5 1.0 Zn 3.0 Kaiser. ° 
Britannia, spoons............. | 84.7 5.0 3.7 { od hae \ Kaiser. 
Bearing, heavy...............-] 85.0 7.5 7.5 
85.0 10.0 5.0 ........+.-| Ledebur, Brannt. 
German Britannia ............ 84.0 9.0 2.0 Zn 5.0 Law, Brannt. 
French car-bearings............| 83.3 11.1 harpy. 
Bearing, German R. R.........| 83.0 11.0 6.0 Ledebur 
Bearing, valve rods, etc........ 82.0 10.0 8.0 .| Law. 
Bearing, French R. R.......... 82.0 12.0 6.0 Ledebur. 
Brittania (Baumgartel)........ 81.9 | 16.3 1.8 Bolley, Brannt. 
81.5 8.8 9.6 Kaiser. 
Bearing, piston. . 12.5 6.5 Kaiser. 
Bearing, Swiss 80.0 10.0 Thurston. 
Tutania, English.............. 80.0 16.0 2.7 Zn 1.3 aiser. 
Ashberry 80.0 | 14.0 2.0 Zn 1.0 Law. 
79.0 15.0 3.0 Zn 2.0 Law 
Britannia, Ashberry ...........| 77.8 19.4 2.8 ere nr Bolley. 
Britannia, Ashberry ...........| 77.9 | 19.4 0.0 | Zn2.8 Roberts-Austen. 
76.7 18.5 Brannt, Bolley. 
Bearing, Prussian. ............ 74.0 | 15.0 | 11.0 
Pb10.6 
A OE 73.6 | 11.0 4.0 Zn 0.18 } | Kaiser. 
Fe 0.22 
72.0 | 26.0 2.0 .| Thurston, Bolley. 
German, Britannia. . 72.0 24.0 Law. 
German, Ludenscheidt. . 71.8 | 24.3 2 | eee Kai 
Bearing, valve packing......... 71.0 | 24.0 Thurston. 
70.8 | 15.1 4.9 | Pb9.2 | Kaiser. 
Bearing (Kamarsch)........... 70.7 19.7 9.5 ..«.....+-} Thurston, Bolley. sh 
Minofor 68.5 | 18.2 3.3 | Zn 10.0 | Brannt, Law. 
Bearing, G. W --| 67.0 | 11.0 | 22.0 
Bearing, French 67.0 | 22.0 | 11.0 ........| Law, Charpy. 
66.0 | 20.0 4.0 Zn 9.0 Kaiser. 
Dewrance (locomotive)........ 33.3 | 44.5 | 22.2 .......+.| Charpy, Hiorns. 
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AabcdnrefFg. In alloys from 0 to 38.2 per cent, tin 
(CusSn) the curves below the solidus represent changes in the 
solid alloy. 

If we consider the copper-tin thermal diagram in small 
parts, it at once becomes simple, being merely compounded of a 
number of simple curves, already discussed. 

Tin-Rich Alloys.—The alloys with more than 38.2 per cent 
tin are all brittle and of no commercial importance until we get 
to about 85 per cent tin. This part of the curve shows two 
horizontals Dx and Eer besides the eutectic line /Fg. At 
630° C., the line Ddx gives the temperature of the reaction 
solid solution II, equals solid IV, or Cu;Sn plus liquid D. Simi- 
larly the line Eer at 400° C. represents the reaction, 


IV (Cu;Sn)+liquid E=V (CuSn). 


Theoretically this reaction ought to be complete, and in alloys 
from 38.2 to 65 per cent tin the liquid is all used before the 
Cu;Sn, and therefore we get kernels of CusSn surrounded by 
a ground mass of hard white CuSn or IV+V. __ In practice, 
however, the CuSn forms envelopes around the Cu;Sn and the 
reaction is not complete, so in the area IV+V we find Cu;Sn 
+CuSn and some eutectic, while in alloys from 65 to 92 per 
cent tin, e to E, we find more or less cores of Cu;Sn inside the 
CuSn set in the excess eutectic (Fig. 23). Theoretically all of 
the Cu;Sn should be used (and is, on very slow cooling) before 
the liquid, and the resulting alloys should be CuSn (V)+ eutectic. 

On the right-hand side of the diagram, Fig. 10, we have the 
V curve EFG. This is similar to that of Curve VI, Fig. 2, for 
EF denotes the freezing out of CuSn in laths and needles, FG 
the freezing of crystals of tin in dendrites, while the horizontal 
gFf is the freezing of the eutectic of Sn and CuSn. The CuSn 
needles, skeleton stars, etc., are quite characteristic and together 
with the CuSn-Sn eutectic enter into the constitution of tin- 
rich babbitt metals (Figs. 22 and 26). 

The horizontal er illustrates the case of the compound 
which dissociates before reaching the melting point; thus on 
heating, CuSn (V) splits up at 400° C. into Cu;Sn (IV) plus 
liquid E. 

The eutectic point F is one per cent copper and 225° C. 
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(Fig. 25). In the alloys with less than one per cent copper we 
have grains and dendrites of tin surrounded by the eutectic (Fig. 
24). ‘Thus in the useful alloys we have as follows: 


15 to 8 per cent copper, cores of Cu;Sn, envelopes and 
needles of CuSn set in the eutectic. (Figs. 23 and 27.) 

8 to 1 per cent copper, CuSn needles, stars, etc., in the 
eutectic. (Figs. 22 and 26.) 

1 to 0 per cent copper, dendrites and grains of tin sur- 
rounded by the eutectic of tin and CuSn. (Figs. 24 
and 25.) 


CuSn 


30 


Percentage of Copper. 


Fic. 11.—Part of Provisional Copper-Antimony-Tin Diagram. 


The Ternary Alloys, Tin-Antimony-Copper.—In Fig. 11 is 
given an approximate diagram up to: 30 per cent antimony and 
30 per cent copper, worked out from micro-structure. The 
changes which take place are similar to those of the lead-tin- 
antimony series. 

The line cg represents the reaction between Cu;Sn and 
the liquid to form CuSn.~° The line do is the reaction between 
SbSn and the liquid toformSna. The line fo is the simultaneous 
freezing of SbSn and CuSn, while od is the simultaneous freezing 
of Sna and CuSn, giving a eutectic-like structure as in Fig. 25. 
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The point o is approximately 1 per cent copper, 7.5 per cent 
antimony, 91.5 per cent tin and represents the reaction, 


SbSn+liquid o=Sna+CuSn. 


Any alloy on the left of gc will freeze out CusSn and when 
the liquid reaches the line cg we get the reaction to form CuSn. 
Now in ordinary cooling, the Cu;Sn is soon covered by CuSn 
(Figs. 23 and 27) and the reaction stops while CuSn continues 
to freeze out normally from the liquid. The further structure 
of the alloy depends on whether the liquid reaches the line 
po or ob. Suppose the liquid reaches po, then we get a simul- 
taneous separation of CuSn and SbSn following po till at o 
we get the reaction to form Sna+CuSn. Again the reaction 
is not completed and the composition of the liquid follows ob 
till the whole is solid. 

This is shown in Fig. 30, Sn 67, Sb 11, Cu 22. The 
dark cores of the flakelike crystals are Cu;Sn. The white 
envelopes and dots are CuSn, the, white cubes are SbSn and the 
ground mass is a mechanical mixture of CuSn and Sna (see 
Fig. 25) which froze along ob. 

The case where the liquid reaches ob is simpler, for it 
freezes along ob as before and the alloy shows no cubes of SbSn. 
Fig. 27, Sn 70, Sb 5, Cu 25, shows the dark cores of 
Cu;Sn surrounded by the white envelopes of CuSn, in a ground 
mass which froze along ob. 

Coming next to those alloys whose composition falls within 
pobcq, the first thing to freeze out is CuSn, thus enriching 
the liquid in tin and antimony, until it arrives at po or ob. 
The further changes are of two kinds as above. Fig. 28, 
Sn 72.5, Sb 22.5, Cu 5, started to freeze by separating needles 
and skeleton crystals of CuSn. The liquid finally reached the 
line po and then we had a simultaneous freezing of cubes 
of SbSn and needles of CuSn until the point o was reached. 
Then follows reaction and solidification along ob as before. 
Fig. 26, Sn 87, Sb 5, Cu 8, began to freeze out CuSn as 
before, but the liquid reached the line 0b and followed along 
it till solid. Therefore no cubes appear. 

Any alloy in the area pode first freezes out cubes of SbSn. 
These are lighter than the liquid out of which they freeze and 
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Fic. 16.—Pb 60, Sn 25, Sb 15. Fic. 17.—Pb 67, Sn 25, Sb 8. 


MAGNIFICATION, X 45. 


| 
Fic. 12.—Pb 83, Sn 2, Sb 15. Fic. 13.—Pb 75, Sn 10, Sb 15. B,.al 
Fic. 14.—Type Metal. Fic. 15.—Type Metal, ee 


660 CAMPBELL ON NON-FERROUS ALLOYS. 


Fic. 22.—Cu 5, Sn 95. Fic. 23.—Cu 15, Sn 85. 


MAGNIFICATION, X 45. 


an Fic. 18.—Pb 85.5, Sn 5, Sb 9.5, Bi 0.5. Fic. 19.—Pb 37.5, Sn 60, Sb 2.5. 
Fic. 20.—Pb 40, Sn 57.5, Sb 2.5. Fic. 21.—Pb 10, Sn 67.5, Sb 22.5. 
3 
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Fic. 28.—Sn 72.5, Sb 22.5, Cu 5. 


Fic. 29.—Sn 67, Sb 22, Cu 11. 


MAGNIFICATION, X 45. 


| 
661 
Fic. 24.—Sn 94.5, Sb 5, Cu 0.5. Fic. 25.—Sn 94, Sb 5, Cu 1. Boe. 
e 
Fic. 26.—Sn 87, Sb 5,C 18. Fic. 27.—Sn 70, Sb 5, Cu 25. * See 
’ ’ ’ 
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Fic. 30.—Sn 67, Sb 11, Cu 22. 


% 


Fic. 34.—Pb 25.5,Sn 61,Sb 10.5, Cu 2.8. Fic. 35.—Pb 4, Sn 66, Sb 22.7, Cu 7.3. 


MAGNIFICATION, X 45. 


: 
ee Fic. 31.—Pb 68, Sn 10, Sb 20.4, Cu 1.65. | 
ns Fic. 32.—Pb 48, Sn 40, Sb 10, Cu 2. Fic. 33.—Pb 37, Sn 50, Sb 12, Cu 1. 
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float to the surface. The liquid may reach op or od. If of, 
then SbSn cubes and CuSn needles crystallize out together 
and freezing continues as already described. If od, the cubes 
tend to react with the liquid to form Sna until o is reached. 
This reaction is never completed in ordinary cooling and further 
freezing follows ob as before. 

The reason why the cubes in Fig. 28 have not floated to 
the surface is because they are held down by a skeleton of CuSn 
crystals which froze before or with them. This is well shown in 
Fig. 29. 

Alloys on the line ob are represented by Fig. 25, Sn 
94, Sb 5, Cu 1. Here we see Sna and CuSn separating 
simultaneously and we get a pseudo-eutectic structure. 

Lastly alloys within the area bodA consist of dendrites 
and grains of Sna set in this pseudo-eutectic which freezes 
along ob. Fig. 24 shows the alloy Sn 94.5, Sb 5, Cu 0.5. 
The dark etching grains are the Sna surrounded by the lighter 
ground mass, a mixture of Sna and CuSn. 

From the above it will be seen that in this series most of 
the alloys are not in a state of equilibrium because the various 
reactions are incomplete. As the copper content is increased 
the amount of CuSn increases till finally we have Cu;Sn present. 
This increase in copper increases the hardness and brittleness, 
and decreases the plasticity proportionately. Similarly an in- 
crease in antimony increases the amount of the hard cubes of 
SbSn with similar results. 


Tue ALLoys oF LEAD-TIN-ANTIMONY AND COPPER. 


Depending on the composition, these resemble the lead-tin- 
antimony or the tin-antimony-copper series. 

Fig. 31.—Pb 68, Sn 10, Sb 20.4, Cu 1.65.—The long plates 
are a compound of Sb and Cu which make the alloy somewhat 
brittle. The white cubes are SbSn set in a ground mass resem- 
bling Fig. 14—a mechanical mixture of Pb and SbSn. 

Fig. 32.—Pb 48, Sn 40, Sb 10, Cu 2.—Needles, etc., of CuSn; 
white cubes of SbSn, around which is a ground mass similar 
to the above. 

Fig. 33.—Pb 37, Sn 50, Sb 12, Cu 1.—A few needles, etc., of 
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CuSn; characteristic white cubes of SbSn. The ground mass 
is tin-rich, showing a few dendrites of Pb in the Pb-Sna pseudo- 
eutectic (Fig. 20). 

Fig. 34.—Pb 25.5, Sn 61, Sb 10.5, Cu 2.8.—An increase in 
the CuSn needles and stars; SbSn in white cubic forms. The 
ground mass resembles a mixture of Sna and the pseudo- 
eutectic Sna+Pb (Fig. 19). 

Fig. 35.—Pb 4, Sn 66, Sb 22.7, Cu 7.3.—The lath-like 
crystals are CuSn, several of which have undissolved cores of 
Cu;Sn (Fig. 23). |The white cubes are SbSn as before. The 
ground mass contains much Sna with CuSn plates in the pseudo- 
eutectic of Sna+Pb. 


SUMMARY OF STRUCTURES. 


In the above alloys we find crystals and dendrites of Sb, 
SbSn, Cu;Sn, CuSn, Pb and Sna set in a more or less plastic 
ground mass which may be composed of Pb-SbSn, Pb-Sna or 
CuSn-Sna. 

The crystals and dendrites and the ground mass vary in 
hardness and plasticity and so by varying the combinations and 
the amounts of each we can vary the structure, and therefore 
the physical properties at will. 

Again, due to the fact that both Sb and SbSn are lighter 
than the liquids out of which they freeze, they tend to float 
to the surface, and unless they are anchored down by earlier 
crystals and network of CuSn, etc., or the cooling is extremely 
rapid, as in thin chill molds, we are bound to obtain very marked 
segregation, which makes accurate sampling of solid ingots an 
impossibility. In fact, to obtain an accurate sample we must 
resort to granulation of the liquid alloy. 
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plish in complex series. The chief references in the text are also 
given under the bibliography for the sake of convenience. 
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Mr. Clamer. 


The Chairman. 


DISCUSSION. 


Mr. G. H. CLamMer.—Mr. Campbell’s microphotographs, 
showing the floating of the tin-antimony crystals to the top, is 
a very instructive one, and explains in a very satisfactory 
manner the difficulties which manufacturers of white metal 
alloys are continually confronted with, namely, the discrepancies 
in analyses which are reported by various chemists by not taking 
the samples correctly. Our Sub-Committee on White Metals 
of Committee B-2 is quite familiar with the difficulties involved, 
and at a meeting in New York about a year and a half ago, at 
which we outlined the work to be undertaken, we formulated a 
method of taking samples as follows: To pour the samples into 
a bar about 1 in. thick and 6 in. long, then to saw completely 
through the bar at right angles, 1 in. in from the ends and 
through the middle, then to mix the sawings and make the analy- 
sis from the samples of the mixed sawings. Some five or six sam- 
ples were so taken and analyses made by different members of the 
sub-committee. They all agreed fairly well with the exception 
of the analysis of one of the members who had taken the samples 
by drilling. This showed conclusively that even though the 
sample is taken completely through the bar, the sample is not 
sufficiently finely divided to become properly mixed after taking 
the sample. Our analyses, however, on the whole, were not 
sufficiently satisfactory, and our sub-committee asked for the 
cooperation of the Bureau of Standards to prepare new samples 
and new methods of sampling and to take up the work of 
devising a standard method of analysis. I am happy to say 
that the Bureau expects to be in position to undertake this 
work, and will probably commence on a new series within a 
very short time. 

VicE-PRESIDENT A. W. Gress (in the chair).—In this 
report there is mention of finally settling on three or four stand- 
ard specifications. Does your committee, by so doing, expect 
to be able to wipe out some of the endless diversity in formulas 
for white bearing metals? 
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Mr. WitiiAM CAMpBELL.—That is the object of the com- 
mittee. At the present time there are widely diversified formulas 
on the market, and a great many metals that are branded with 
fancy trade names have very similar compositions. When 
examined they are found to be merely alloys of tin-antimony- 
copper, or lead-tin-antimony, with sometimes a little copper. 
Our committee hopes to formulate a series of five alloys which 
will properly cover the entire field for which babbitt metal 
might be used. Our idea is to start with the alloy of highest 
compressive strength and to arrange the series by decreasing 
hardness, from the hardest alloy which it is practicable to handle, 
that is, with satisfactory results, down to the softest lead- 
antimony alloy. It may be that a series of five will not be suffi- 
cient. If so we may have to add a few more, but we hope to 
arrange a series that will meet the requirements of the engineer. 

Mr. R. S. MAcCPHERRAN.—Has the structure shown on the 
slide been developed by etching? If so, what fluid was used? 

Mr. CAMPBELL.—The material is 2-per-cent nitric acid in 
water, but on account of the fact that these alloys are so difficult 
to polish, so soft that the lead will rub over the harder compound 
SbSn, and that the harder compound will not show the structure 
as it ought to be, it is often necessary to etch deeply to get rid 
of the metal which has flowed, then to repolish finely on the 
rouge and then to re-etch again for photographing. There are 
lots of tricks in the methods of getting the greatest amount 
of contrast in the different constituents. Very often, after 
etching longer than one would think necessary, a rub with a 
small piece of chamois skin will bring up the cubes and also the 
crystals of tin, and throw the whole structure out in strong relief. 

Mr. CLameR.—I should like to ask Mr. Campbell if he 
has noticed any surface characteristics on the eutectic alloys, 
that is, metals which have been merely poured and allowed to 
solidify. 

Mr. CAMPBELL.—Yes, one of the members of the sub- 
committee sent me some time ago a series of a dozen alloys and 
I at once recognized the structure of the cast surface. You 
could separate them quite easily, with the exception of those 
alloys which lie near the solder group, those containing a great 
deal of tin and lead and only a small amount of antimony. 
Apparently, the surface of those alloys was all the same, but 
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for the others, with the lead-rich and tin-rich, the anton struc- 
tures were very characteristic. 

Mr. CLAmMeR.—It has been my experience that, as you 
approach the eutectic, the top surface of ingots of the lead- 
antimony eutectic assumes a sort of a wavy structure, whereas, 
the lower eutectic described by Mr. Campbell, 80 per cent of 
lead, 10 per cent of tin, and 10 per cent of antimony, exhibits a 
very bright surface in pouring into little pieces in the form of a 
button. Quite a number of years ago, before I knew very much 
about eutectics, we had a customer who had in his employ an 
Italian who had been imported to mix an alloy for them for 
making bright pewter toys, buckles, and materials of that 
kind, these castings being made in iron molds. This Italian 
was getting quite a salary or royalty for making this alloy, and 
they sent some of it to us to analyze. We found it was prac- 
tically the lower eutectic alloy described by Mr. Campbell, but 
even after getting the analysis, we had to work our way, so to 
speak, a little above and below the 10 per cent. My recollection 
is that the tin was somewhat below 10 per cent and the antimony 
somewhat above 10 per cent. As soon as we got the proper 
alloy, the surface was very bright and brilliant on top, but just 
as soon as we were a little bit on one side or the other, the sur- 
face became frosty, due to the crystallization of the antimony 
alloy constituents. 

Mr. C. P. Karr.—I should like to ask what method was 
used in pouring, whether there was any spout on the ladle, 
so that the alloy would be sucked in when poured. 

Mr. CAMPBELL.—The alloys were made in small crucibles 
holding 50 to 100 grams and melted under potassium cyanide 
to prevent oxidation. 

Mr. Karr.—Mr. J. L. Jones, of the Westinghouse Electric 
and Manufacturing Co., made some experiments some years 
ago, published in The Metal Industry, with reference to pour- 
ing these alloys with a ladle, in which he dipped the metal out 
ofa pot. He had a little metal shield over the mouth of the pot, 
which kept back all the scum and he thus poured a clear stream 
of metal right into the mold, and in that way obtained an ingot 
free from oxide. 

Mr. CAMPBELL.—All my alloys have been in small melts, 
made in crucibles, and slowly cooled. 
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STRENGTH OF CAST ZINC OR SPELTER. 
By GILBERT RicG AND G. M. WILLIAMS. 


INTRODUCTION. 


The purpose of the present paper is to show the relative 
strength of various brands of ‘‘spelter” or “cast zinc,’ when 
the tests are carried out under the same conditions. The term 
“spelter’’ covers a variety of what are really alloys of zinc with 
small amounts of iron, lead, cadmium, etc. That variations in 
the amount of these impurities would cause differences in the 
strength of the resulting alloys, seemed probable from a study 
of the microstructure of the metal. 

Previously published results of tests of the strength of 
zinc have shown wide variations. Thus the tensile strength, 
as given by different investigators varies from 2500 to 8000 lb. 
per sq. in.!_ The compressive strength, of course, will vary with 
the degree of flattening, for a 10 per cent reduction in length the 
figures vary from 20,000 to 40,000 lb. per sq. in.2 The only 
figures we have been able to find for the modulus of rupture 
in transverse tests give about 7550 lb. per sq. in. (Thurston, and 
Hunt & Andrews).* 

A very great objection to these results is the lack of any 
published analyses of the material used. Most of the inves- 
tigators have been content to describe their material simply as 
“cast zinc.” Thurston states that “all the zinc thus tested by 
the author was very pure, and made from New Jersey calamine.” 
On the other hand, another published test on the compression 
of “cast zinc,” shows a very extraordinary metal, containing 
1.28 per cent of copper, 0.89 per cent of tin, and 0.51 per cent of 


1Hunt & Andrews (Burr, ‘‘The Elasticity and Resistance of the Materials of Engineer- 
ing’) give 2522 lb. persq.in. Roberts-Austen gives 7000 to 8000 lb. per sq. in. Thurston 
& Stoney give intermediate figures 3000 to 6500 lb. per sq. in. 

2 Thurston (Materials of Engineering—Part III) gives 22,000 Ib. per sq. in. He mentions 
40,000 as given by other authorities put does not name them. 

* Thurston (ibid.) gives 7540 lb. per sq. in. Hunt & Andrews (quoted by Burr) give 
7556 lb. per sq. in. 
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iron. As has been pointed out above, zinc is a metal whose 
properties are very largely influenced by the presence of small 
amounts of impurity and the metal referred to above could 
scarcely be sold in the market under the title of spelter or zinc. 

In addition, it seems desirable to know exactly the relative 
strengths of various kinds of spelter, when the tests are carried 
out under the same and standard conditions. As is the case 
with all cast metals, the physical characteristics of zinc will 
vary widely with the method of preparing the test specimens. 
The size of the crystals, their mode of growth, etc., will have 
a great influence on the strength of the material. An attempt 
has been made in this work to prepare all the test specimens in 
the same manner, and to carry out all the tests under exactly 
the same conditions. In addition a careful analysis has been 
made of each type of spelter. The results therefore should show 
the relative strength of the various spelters tested. 

In order that the effect of the common impurities on the 
physical characteristics of the resulting metal may be better 
understood, the subject of the microstructure of spelter will now 
be briefly taken up. 


THE METALLOGRAPHY OF SPELTER. 


Pure zinc consists of crystal grains, more or less polygonal 
in character, their size and direction of growth depending on 
the conditions under which their formation takes place. Thus, 
slow cooling will tend to the formation of large crystals, while 
rapid cooling will tend to make the crystals very small in size. 
The crystals will further tend to grow at right angles to the 
cooling surface. These coarse crystal grains may be seen by the 
naked eye on the broken surfaces of slabs, or in polished speci- 
mens which have been etched with dilute acids. 

The crystal grains when examined under the microscope 
exhibit a difference in color, some appearing dark, other less 
dark and others bright. (Fig. 1.) This appearance is due 
to the difference in the orientation of the fine crystals, or crystal- 
lites, making up the larger crystal grains. In one grain, the 
crystallites will be so arranged that nearly all the light falling 


1J. C. Trautwine, Jr., Proceedings, Am, Soc. Test. Mats., Vol. XI, p. 511 (1911). 
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on them from the vertical illuminator will be reflected to the eye 
of the observer, and the grain will therefore appear bright. 
In another, the facets of the crystallites will be so placed that 
nearly all the light falling on them will be reflected away, and 
the grain therefore will be dark. 

Under higher powers of the microscope and by etching 
somewhat more deeply, the outlines of some of the crystallites 
composing the crystal grains may be seen. Fig. 2 represents a 
specimen of High Grade spelter magnified 233 diameters. The 
outlines of the crystallites can easily be made out. Fig. 3 shows 
the cooling curve of pure zinc as given by Arnemann.' It shows 
a single horizontal at 419° C. Attempts to locate other 


Fic. 1. X42. Fic. 2, X233. 
horizontals, corresponding to the supposed allotropic modifica- 
tions of the solid metal, by thermal methods, were fruitless. 

Iron and Zinc.—Iron occurs in spelter as individual, well 
marked crystals of iron-zinc alloy. These crystals most probably 
consist of the compound Fe Zn; holding with it zinc in solid 
solution. The diagram of thermal equilibrium for the system 
iron-zinc as given by Arnemann? is shown in Fig. 4. In this 
the solid lines represent Arnemann’s results, the dotted curve 
shows Vegesack’s* determinations. At a temperature of 662° C., 
Fe Zn; reacts with the still liquid portion of the melt, forming 


1P, T. Arnemann, Metallurgie, Vol. 7, p. 204 (1910). 
2 Arnemann, ibid. 
3A. von Vegesack, Zeitschrifi fiir anorganische Chemie, Vol. 52, p. 30 (1907). 
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solid solutions of Fe Zn; and zinc, whose composition as the 
temperature falls varies from 0 tom. (See Fig. 4.) 

Vegesack’s conclusions regarding the formation at a tem- 
perature of 422° C. of solid solutions of iron in zinc, containing 
up to 0.7 per cent of iron, were not borne out by Arnemann’s 
work. If these solid solutions were formed, iron-zinc alloys 
containing from 0 to 0.7 per cent of iron would be homogeneous. 
We have observed iron alloy crystals as a definite constituent 
in zinc at percentages as low as 0.03 per cent and must there- 
fore conclude that no such solid solutions are formed. We there- 
fore have the following composition for alloys of iron and zinc: 


419°C 


arte 


mm5 10 I5 20 25 30 35 40 45 50 55 60mm—> Time 
Fic. 3.—Pure Zinc (Mylius and Fromm) Cooling Curve 


for Investigation of Transformation Points; Slow 
Cooling (Arnemann). 


0.0-7.3 per cent Fe—Two structural elements, (1) Solid 
solutions or “mixed crystals” of Fe Zn; and zinc, containing as 
a minimum 7.3 per cent iron, (2) Pure Zinc. 

7.8-11 per cent Fe—Homogeneous alloys (one structural 
element) consisting entirely of the solid solution of Fe Zn; and 
Zn. 

11—22 per cent Fe—Two structural elements, (1) Fe Zn, 
(2) Fe 

By reference to the diagram, it will be noted that the area 
CDPV comprises the limits of concentration and temperature 
in which Fe Zn; is normally present. The lower limit of con- 
centration of Fe Zn; is therefore given by the point C correspond- 
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ing to about 4 per cent of iron. As spelter never contains so 
high an iron content as this, it is evident that Fe Zn; can never 
be present as a constituent of spelter. 

In the case of “dross,” however, containing from 4 to 5 
per cent of iron, it might be possible, by quenching from above 
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Fic. 4.—Iron-Zine Diagram (Arnemann). 


the temperature represented by the line COV, to have Fe Zn; 
present in the solid alloy. 

This “dross,” taken from the bottom of the galvanizing pot, 
well illustrates the appearance of the iron-zinc alloy. The alloy 
crystals are harder than the ground mass and in addition are 
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attacked but little by the etching reagent, appearing brilliant 
and white (Figs. 5 and 6). 
Fig. 7 shows an iron-zinc alloy prepared in the crucible and 
containing 0.51 per cent iron. The crystals are well marked. 
Fig. 8 shows a Brass Special spelter which has been poured 


Fic. 7. X89. Fic. 8. 


on mica, in order to give a smooth surface for microscopic 
observation without polishing. The hexagonal character of 
the iron alloy crystals should be noted. 

Fig. 9 shows a spelter containing 0.035 per cent of iron. The 
alloy crystals, although widely scattered, are still well marked. 
It may be noted that the concentration of these crystals would 


* 
Fic. 5. X40. Fic. 6. X51. 2 
| 


RiGG AND WILLIAMS ON Cast ZINC. 675 


seem to imply an iron content of higher than 0.035 per cent, 
but it should be remembered that in photographing, one will 
naturally select an area in which the crystals are concentrated. 

As these iron alloy crystals are hard and brittle, their 
presence in the spelter would tend to confer their properties 
upon it, and this tendency will increase with increasing percent- 
ages of iron. Thus, dross from the galvanizing pot is very dif- 
ferent from spelter in its physical properties. It is hard, brittle, 
has a high melting point, etc. 

Lead and Zinc.—The investigations of Spring and Romanoff! 
indicate that at a temperature of about 950° C., lead and zinc 
would be perfectly miscible in the liquid state. At temperatures 


Fic. 9. X89. 


below this, they separate more or less completely into two layers; 
the amount of zinc in the lower layer, or of lead in the upper 
layer, being dependent on the temperature. The diagram of 
thermal equilibrium for the system lead-zinc has been determined 
by Heycock & Neville,? supplemented by the work of Arne- 
mann’ and is given in Fig. 10. When High Grade spelter— 
containing say 0.04 per cent lead—cools, zinc, free from lead, 
first freezes out, and this continues until the concentration of 
lead in the part remaining liquid reaches 0.5 per cent. This 


1W. Spring & L. Romanoff, Zeitschrift fiir anorganische Chemie, Vol. 13, p. 29 (1896). 
2C. T. Heycock & F. Neville, Journal, Chemical Society, Vol. 71, p. 394 (1897). 
3P,. T. Arnemann, Metallurgie, Vol. 7, p. 204 (1910). 
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is the limit of solubility of lead and zinc at 418° C., so that any 
further separation of zinc would cause the limit to be exceeded, 
and the melt would theoretically separate into two layers as 
the zinc continued to freeze. As a matter of fact, however, 
this action does not take place, it being impossible to refine 
lead-bearing spelter by liquation methods below an extreme 
lower limit of about 1.0 per cent. The reasons for this are 
many. In the case of a High Grade spelter, more than 90.0 per 
cent of the mass is solid when the lead concentration of the 
liquid portion has reached 0.5 per cent; the lead is released in 
minute globules; and when we add to this the tendency of all 
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Fic. 10.—Lead-Zine Diagram, Two Solutions (Arnemann). 


liquids to retain fine particles of insoluble matter in suspension 
it can be readily seen that for purely physical reasons, the lead 
will remain distributed throughout the spelter. 

In the case of Prime Western metal (containing say 1.5 per 
cent lead) the tendency to separate into two layers would begin 
at about 425° C. ‘The tendency towards segregation of the lead 
thus produced is overcome by freezing which soon sets in, caus- 
ing a more or less regular distribution of the impurity. The 
lead of course freezes last, together with 1.2 per cent zinc (the 
eutectic) at a temperature of 317° C. (Arnemann). 

Under the microscope the lead appears as small black dots 
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or globules, while occasionally in high-lead spelters it may be 
seen as a black network between the grains. Fig 11 is a photo- 
graph of a Prime Western spelter containing about 1.5 per cent 
lead. The lead appears as scattered black dots. Occasionally 
lead may segregate to the bottom of a slab of high-lead spelter. 
Fig. 12 is an example of this. The lead globules are very large, 
and in addition each is surrounded by a ring of small iron-zinc 
alloy crystals. 

The presence of lead in spelter is said to soften it and make 
it easier to work. The increased malleability observed at about 
100° C. in spelter has been attributed by some investigators to 
the presence of lead." 


14; 224. Fic. 12. 


Cadmium and Zinc.—The thermal diagram of the zinc- 
cadmium system has been determined by several investigators, 
and the system is given as a simple euctectiferous one (Fig. 13). 
The addition of small amounts of zinc to cadmium or of cadmium 
to zinc lowers the freezing point. The eutectic consists of 82.5 
per cent of cadmium and 17.5 per cent of zinc, according to 
Hindricks.2 Its freezing point is a matter of dispute. Heycock 
and Neville* give 264° C.; Hindricks, 270° C.; while Arne- 
mann! found 259°.5 C. to be the freezing temperature. The 


1C, Benedicks, Metallurgie, Vol. 7, p. 531 (1910). 

2G. Hendricks, Zeitschrift fiir anorganische Chemie, Vol. 55, p. 415 5 (1907). 
8C. T. Heycock & F. Neville, Journal, Chemical Society, Vol. 71 (1897). 
4P, T. Arnemann, Metallurgie, Vol. 7, p. 204 (1910). 
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latter explains these disagreements as due to impurities in the 

cadmium used. 
In the case of an alloy containing zinc’and cadmium alone, 

we should therefore expect to obtain (for amounts of cadmium 

below 82.5 per cent) crystals of zinc separating out first, sur- 

rounded by the zinc-cadmium eutectic. Fig. 14 shows this 

condition for an alloy containing approximately 10 per cent of 

cadmium, and this structure continues up to a lower limit of 

about 1 per cent of cadmium. At this point there is a sudden 

change in structure, as may be seen by reference to Fig. 15, 
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Fic. 13.—Cadmium-Zine Diagram (Arnemann). 


representing an alloy containing about 1 per cent of cadmium. 
This mottled appearance is characterestic of solid solutions 
which have been quickly cooled. According to Hindricks, no 
solid solutions are formed in the zinc-cadmium system, but our 
observations accord with Arnemann’s statement that solid 
solutions of cadmium in zinc are probably formed up to a limit 
of about 1 per cent of the former metal. 

The presence of cadmium in spelter in amounts between 
0.1 and 1 per cent may easily be determined on a polished speci- 
men without recourse to the microscope. Such specimens have 
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a strong tendency to stain brown when etched with dilute nitric 
acid in alcohol, and in addition, the non-homogeneous solid 
solutions produce an acicular appearance on the surface of an 
etched specimen which is highly characteristic. 

Solid solutions are generally as strong as pure metals, if 
not stronger. Therefore the presence of cadmium in the 
amounts generally found in spelters should not weaken the 
metal. 

Commercial Zine or Spelter—Spelter usually contains the 
three impurities we have just considered, namely, iron, lead, 
and cadmium; the quality of the spelter being determined by 


Fic. 14. X64. Fic. 15. X14. 


the amounts of the impurities present. In addition to the 
common impurities named, spelter may contain small amounts 
of other metallic impurities including arsenic, antimony, tin, 
copper, and bismuth. These latter, with the exception of 
arsenic, are much more uncommon, however. 

Examined under the microscope, High Grade spelter 
presents a fairly homogeneous appearance. The lead present 
is very sparingly distributed as very fine globules, and occa- 
sionally a small crystal of iron-zinc alloy is to be seen. Fig. 1 
shows the coarse, and Fig. 2 the fine crystallization of this metal. 

The lead in Prime Western spelter generally occurs in 
globules which are much more numerous than in the case of 
High Grade, Intermediate, or Brass Special metal. The amount 
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of iron alloy crystals present will of course depend on the varying 
iron content of the spelter. The presence or absence of the solid 
solutions of cadmium will depend on the cadmium content of 
the spelter. Fig. 11 shows the lead globules well. Fig. 16, a 
spelter somewhat high in iron and cadmium, shows the char- 
acteristic mottled appearance due to solid solutions of the latter 
metal, also numerous small white iron-zinc alloy crystals. 


Test SPECIMENS. 


Zinc, as is well known, acts as a ductile material in com- 
pression, but as a brittle material in tension. It was therefore 


Fic. 16. X42. 


thought desirable to make both tension and compression tests 
on the metal, and transverse tests were also added. 

All test specimens were prepared as follows: 

The slabs of the metal to be tested were broken in smali 
pieces. Two bars were cast at a time, the material being 
melted up in a Dixon plumbago crucible holding about 15 |b. 
of spelter. The melting was accomplished in a small coke 
furnace, and during the melting the crucible was kept covered 
to avoid contamination from the coke. After the metal was 
well melted, but not so hot as to be in danger of burning, 
it was removed from the furnace, and the temperature allowed 
to fall to 480° C., the temperature being observed by means of 
a platinum - platinum-iridium thermo couple. The metal was 
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then poured into the molds, allowed to solidify, and the result- 
ing test bar removed by lifting out. Before pouring the test bars 
the metal was skimmed with a wooden skimmer, and thoroughly 
stirred with a silica rod, to avoid danger of segregation of 
impurities. 

The molds were made in halves, and of cast iron. They 
were 5} in. square by 19 in. deep. At the center a hole, 
1} in. in diam. and 17} in. deep was drilled for the test bars. 
The molds were always cold when the metal was poured in them 
and the bar solidified in a few seconds. The molds did vary 
slightly in temperature, but if more than slightly warm to the 
hand they were cooled before using. It was found that it was 
not necessary to separate the mold in order to remove the test 
bar the slight contraction taking place permitting the bar to 
be withdrawn by lifting out of the top of the mold. 

In this way eight bars were cast for each kind of spelter to 
be tested, two being cast from each melt. The test bars as cast 
were 173 in. long and approximately 1} in. in diameter. The 
surface was not perfectly smooth, due to the chilling of part of 
the metal on pouring, but was nearly so. The bars were almost 
free from blow holes; occasionally a small one was run across 
in the turning. 

Of the eight bars cast, two were set aside as reserve samples. 
Four others were taken and the upper 2} in. containing the pipe 
was cut off with a hack-saw. The remainder of the bar was 
used for the transverse tests, while the upper portion was sent 
to the laboratory for analysis. The analyses were conducted 
on turnings made from the cut-off ends of these four bars 

From the remaining two bars the tension and compression 
test specimens were machined, two tension and two compression 
specimens from each bar. In machining, the upper 2} in. of 
the bars containing the pipe was avoided. The tension speci- 
mens were turned like the American Society for Testing Mate- 
rials standard tension test specimens for cast iron, the com- 
pression specimens were plain cylinders 1 in. in diameter and 
2.6 in. long. 

In addition to High Grade, Intermediate, Brass Special, 
and Prime Western spelters, test bars were also cast from Gal- 
vanizing Pot dross for the sake of comparison. On account of 
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the higher melting point of dross it was necessary to cast these 
bars at 700° C. During the melting considerable zinc was lost 
by oxidation; so, in the case of the dross bars, the material 
from each melt was analyzed separately. 


OF TESTING. 


The results of the anaylses of the turnings from the tops of 
the test bars are given in Table I. All the material was fairly 


TABLE I.—ANALYSES. 


Analysis, per cent. 


Grade of Spelter. Sample. Made from — 
| Zine. | Lead. | Iron. | Cadmium. 
99.954) 0.041 | 0.014 None 
High Grade........... Second... Silicate.............| 99.944 0.040 | 0.016 | None 
Intermediate.......... First.... | 99.794) 0.194 | 0.016 None 
Intermediate.......... Second.. Silicate............ 99.794 0.190 | 0.017 None 
Brass Special......... | First....  Silicate............. 09.510 0.474 | 0.013 None 
Brass Special......... Second. . Silicate............. 99.48¢| 0.484 | 0.031 | None 
Prime Western No. 1.. First....| Colorado Blende.... 98.48¢ 1.19 | 0.032 | 0.250 
Prime Western No. 1.. Second.. | Colorado Blende.. . . | 98.414 1.42 | 0.087 | 0.079 
Prime Western No. 2.. First.... Wisconsin Blende... 99.044 0.68 0.010 0.274 
Prime Western No. 2.. Second.., Wisconsin Blende. 98.790. 1.15 | 0.011 0.046 
on 94.7 1.74 3.62 0.012 
Dross No. 3.......-:. | | 2.70 | 3.05 | 0.088 


a Analyses are by difference. 


representative of the average run of that grade of spelter, the 
only exception being the Prime Western No. 1, second sample, 
which is somewhat high in iron. 

All the tests were carried out in the testing laboratory of 
the Department of Civil Engineering, Columbia University, New 
York, the testing being done by Mr. Harold Perrine in the 
presence of one of us. The methods of testing are briefly de- 
scribed below. 

Tension Tests.—These tests were carried out with the 
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Riehlé 100,000-lb. machine. The maximum (breaking) load 
only was observed, the elongation being practically nil. The 
speed of testing was about 0.1 in. per minute. 

Transverse Tests.—For these, the Olsen 50,000-lb. machine 
was used, the supports being 12 in. apart and the load applied 
at the center. The load was applied continuously, the amount 
of deformation being read at the moment of the appearance of 
the first crack at the bottom of the test specimen (observed by 
a mirror). Deformations were read by means of a deflectometer 
graduated to 0.001 in., but read to 0.01 in. only. The speed 
of testing was somewhat high—about 0.55 in. per minute. 

Compression Tests——In order to avoid irregularities due to 
variations in the speed of testing, the following method of 
making these tests was used. The Olsen 400,000-lb. machine, 
which could be run at a very slow rate of speed, was used for 
the tests. A load of 100 lb. was applied to the specimen and 
the deflectometer adjusted to zero. The machine was then 
started, and the load applied at a constant rate of speed of 
0.0319 in. per minute. Deformations were read to 0.001 in. 
by means of a deflectometer for each increment of load (500 or 
1000 lb.), the reading being taken just as the beam of the 
machine lifted. The strains were noted without interrupting 
the movement of the head of the machine until a compression 
of 20 per cent was attained; the amount of load corresponding 
to this figure being noted on the beam arm of the machine. 


By this method errors due to variations in speed were entirely 
eliminated. 


RESULTS OF TESTS. 


Tension Tests——Table II shows the results of these tests. 
It will be noted that the tensile strength as figured from the 
maximum load varies very widely even in the case of individual 
specimens of one grade of metal. Thus, in the case of Prime 
Western No. 1, first sample, we have for a minimum of tensile 
strength, 4198 lb. per sq. in., while the maximum figure for the 
same grade of metal was 10,444 lb. per sq. in.—a variation 
of nearly 150 per cent. In most cases these variations could be 
explained by differences in the size of the crystals in the test 
specimen. As has already been stated, the molds varied but 
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TABLE II.—RESULTS OF TENSION TESTs. 


All specimens turned like A. S. T. M. Standard for Cast-Iron Specimens. 
Riehlé 100,000-Ib. machine used; Speed of testing, 0.1 in. per minute. 


Grade of Spelter. 


High Grade 


Intermediate........ 


Intermediate........ 


Brass Special....... 
Brass Special....... 


Prime Western No. 1 
1. 
No.1. 
No.1 

Prime Western No. 1 
No.1. 
No.1 
No.1 

Prime Western No. 2. 
No. 2. 
No. 2. 
No. 2. 

Prime Western No. 2 
= i No. 2. 
No. 2 
No. 2 


Second. .| 
os 


Second. . 


Diameter, in. 


| 


© 


= 


S | | 48 
© 
Remarks, 
| 
En 
< a ~ 
0.5027| 2060 | 4098 | 
0.5027} 2660 5 292 
0.5027} 4140 8 236 | Finely crystalline. 
| 0.5027| 3730 7 420 | Crystals somewhat fine. 
0.5027; 2070 | 4118 
!0.5027| 2500 4973 
|0.5014} 2060 4109 
2070 | 4118 
|0.5027| 2740 5 451 
|0.5027| 1880 | 3740 
0.5027} 1880 3 740 
0.5027! 2330 4 436 
'0.5027| 3060 | 6088 
|0.5027| 2610 5 192 
0.5014} 2250 4487 
0.5027} 2320 | 4615 
0.5027 | 5320 | 10584 | Fine erystals. 
0.5027} 5090 | 10125 
|0.5014| 6930 | 13821 | Very fine crystals. 
| 0.5027 2 060 4098 
0.5027} 1790 3 561 Crystals somewhat 
0.5027 | 2699 5 351 | coarse. 
0.5027; 2170 | 4317 
0.5027) 4690 9 330 | Fine crystals. 
0.5027} 2110 | 4198 | 
0.5027 | 5250 | 10444 | Fine crystals. 
0.5014| 3450 | 6881 
0.5027} 1500 2 984 | Coarse crystals. 
0.5014} 1750 3490 
0.5027) 1990 3 959 
0.5027} 2200 | 4377 
0.5014 | 6790 | 13.543 | Very fine crystals. 
0.5027} 5910 | 11757 | Fine erystals. 
0.5027} 3580 7 122 | Crystals somewhat coarse, 
| 0.5027 | 5410 | 10762 | Fine crystals. 
|0.5027|} 1830 | 3640! Coarse crystals. 
|0.5027| 2680 5 331 
|0.5027| 2420 | 4814 
0.5027| 2470 | 4914 
0.5027} 4090 8 136 
|0.5027| 3180 | 6326 
0.5027} 3800 7 559 | Numerous blow holes. 


| 
|| 
| | | | 
& 
| 
High Grade.........'|Second ..| 
= Ga 800 
First... . 800 
: = Gees 800 
~ 800 | 
800 
SOO 
799 
oe SOO 
First.... 
: 800 
799 
Second. . 800 
799 
800 
800 
Ficst.... 799 
800 
800 
800 
Second... 800 
800 
800 
800 
800 
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slightly in temperature, and the results of the tests would there- 
fore seem to show quite clearly that, in order to secure reliable 
results of tension tests with a highly crystalline and brittle metal 
like zinc, it is absolutely essential that all melts should be cast 
at exactly the same temperature; and furthermore, that the 
molds should always be at exactly the same temperature. With- 
out these precautions slight variations in the crystal size will 
take place, causing comparatively large variations in the tensile 


Fic. 17.—Tension Pieces. 


strength of the metal. Fig. 17 is a photograph of two of the 
test specimens of the same grade of spelter and sample (Prime 
Western No. 2, first sample). The test specimens on the left 
(finely crystalline) gave a tensile strength of 13,543 lb. per sq. 
in.; while that on the right, which is somewhat more coarsely 
crystalline than the average run of test specimens gave a tensile 
strength of only 7122 lb. per sq. in. 


Fic. 18.—Test Bars. 


By referring to Table V (Plate XIX) under the section 
headed “Tension,” the averages for these tests can be seen. 
As long as the spelter is fairly pure, the tensile strength seems 
to be almost entirely a function of the size and mode of growth 
of the crystals. 

Transverse Tesis—The results of the transverse tests are 
given in Table III. In the last column, the moduli of rupture in 
pounds per square inch are given for the various specimens tested. 
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TaBLE III.—REsULTs OF ‘TRANSVERSE TESTS. 
All specimens Circular Rods, cast upright in cold iron molds. 
Olsen 50,000-lb. machine used. 
Distance between supports, 12 in. in all cases. 
Load applied at center—Speed of testing about 0.55 in. per minute. 


Modulus of Rupture =R = ——,, where W =load in lbs., 


1=distance between supports, in., and r=radius of test specimens, in. 


Diameter, | _ Total Maximum | Modulus of 
Grade of Spelter. | Sample. : * Deflection, Load, | Rupture, 
in. lb. Ib. persq.in, 
= 1.247 0.22 750 11810 
| 1.241 0.26 =| 760 | 12150 
| | 
Second 1.243 0.25 660 10 500 
1.242 | 0.30 670 10 680 
1.242 0.20 630 10 040 
1.243 0.26 670 10 660 
1.239 0.26 600 9 640 
1.234 0.36 620 10 080 
Intermediate.................| Seeond.... 1 234 0.33 850 13 820 
1.242 0.33 820 13 060 
nie 1.240 0.44 790 12 660 
1.234 0.15 610 9 9304 
Brass Special... 1.232 0.25 990 16 2006 
1.241 0.32 1010 16 1466 
Second.... 1.234 9.28 | 1000 | 162608 
Prime Western No. 1........ ee 1.240 0.12 800 12 830 
= 1.235 0.09 760 12 320 
Prime Western No. 1......... Second 1.246 0.20¢ 600 9 480¢ 
= = 1.235 0.11 580 9 400¢ 
1.227 0.11 650 10 750 
Prime Western No. 2......... i ae 1.241 0.19 1150 18 3906 
1.231 0.18 1120 18 3506 
Prime Western No. 2......... Second.... 1.227 0.22 640 10 590 
1.247 0.19 720 11 350 
1.238 0.18 630 10 130 
= 1.243 - 0.17 590 9 390¢ 
- No. 3. 1.236 0.04 850 13 750 
7 No. 4 1.234 0.04 990 16 100¢ 


a Numerous blow holes. 
6 Finely crystalline. 


¢ Reading of deflectometer probably high due to crack not appearing in center of specimen, 


¢ Coarse crystals. 


4 Very finely crystalline. 
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As in the case of the tension tests it will be seen that tne moduli, 
even as determined for the same grade of spelter and the same 
sample, vary quite widely, although the percentage variations 
are not as great as in the case of the tension tests. Again, the 
explanation of these variations is to be found in the size of the 
crystals making up the test specimens. Fig. 18 is a photograph 
showing the broken ends of three of the specimens. The one on 
the left is coarsely crystalline; that in the center shows the 
usual crystallization of the bars (as also that of the tension 
test specimens); while the specimen on the right is finely crystal- 
line. The average moduli are given under the section headed 
“ Flexure,” Table V. Eliminating averages which are too high 
or too low to be comparable (due to very fine or very coarse 
crystallization), the average values agree fairly closely and 
average about 11,320 lb. per sq. in. The dross specimens give 
a somewhat higher average—15,300 Ib. per sq. in. As with 
the tension tests, it is evident here also that moduli of rupture 
determined by transverse test will not be very useful for appli- 
cation to this highly crystalline material. 

Turning to the fourth column of Table III, showing the 
total deflection of the various grades of spelter, we begin to get 
much closer correspondence in the figures. The averages are 
given in Table V. and from them we see that: 

1. Very impure zinc (dross) gives very small deflections 
when tested transversely, averaging 0.05 in.; 

2. Ordinary (Western) spelters give deflections averaging 
0.13 to 0.19 in.; 

3. Purer (High Grade, Intermediate, and Brass Special) 
spelters give the highest deflections of all, averaging from 0.21 
to 0.31 in.; and running as high as 0.44 in. 

Compression Tests.—These tests were run as already de- 
scribed, and gave by far the most satisfactory results of any of 
the three methods of testing. The compressive strengths of 
the various test specimens at 10 and 20-per-cent compression 
are given in Table IV, the deflectometer readings for these 
tests are plotted in detail and given in Figs. 19 to 25, 
inclusive. The loads at 10-per-cent compression, not being read 
directly, were determined by interpolation. At 10-per-cent 
compression, the specimens still heid their shape fairly well; 
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All specimens Plain Cylinders, tested on end—2.6 in. long. 
Olsen 400,000-lb. machine used. 


Grade of 
| Spelter. 


| Prime Western No. 


No 


Prime Western No. 


“ No. 
“ No. 


| Prime estern 


“ 
No. 


Prime Western 


No 
“ 


| 
“High oye. 


Brass Special......... | Second . 
} 


bon tore 


| | 


| Sample. 
. 
Diameter, in. 


Second . 


.7854| 13 400! 19 200 
.7854) 13 19 700 
.7838| 11 890| 18 710 
-7838) 12 890) 18 420) 


7854 


Speed of testing, 0.0319 in. per minute, 


cent. comp., Ib.) 


Load at 19 per 

Load at 20 per 
cent. comp., | 

Strength at 10per 


Area, sq. in. 


12 670) 18 400 
12 2850) 18 460) 


7854) ..... 18 850) 
- 7854) 13 650) 19 050 


7854! 12070] 17590 


. 7854) 11 900} 17 360 
. 7854) 12 630) 18 350 


7854) 13 490) 18 810 
7854 11920| 17 400) 


7838 12 130) 17770 
. 7838) 13 18 670, 


7854, 14 ‘al 21430 
7838) 15 450) 21 860) 


7854) 16340) 22 390) 


16.300) 22 


.7838) 14 130) 20 120 


. 7854, 12720) 18 600 


. 7854) 13 960 19 750 
. 7854) 13 190, 19 500 


21370 30480 


-7854| 23 130) 30 530 
7854) 22 860| 30350 
.7854) 21 450) 30440 


| 


. 7854) 17 890) 24 650 


. 7838) 15 22 950 
.7854| 15 950) 23 000 


. 7854) 16 250) 23 500 


7854) 21 240) 30 440, 2 
.7854| 22010; 30910) 
. 7838) 23 450) 31250) 
. 7854) 23 430, 31 400 


. 7838) 13 880) 20 950 


. 7854) 16 850) 22960) 
7854) 14.970) 21860 
822) 17 2701 28 400) 


Dross No.2 
N 


lo.7854|..... 


. 7838) 28 120) 30 200 


7838)...... | 23 800 


Strength at 20 per 


cent. comp., 


per sq. in. 
cent | 
per sq. in. 


| 


Remarks. 


17 060) 24 450 
17 710) 25 080 
15 170) 23 870 
23 500 


16 130) 23 430 
16 360) 23 500 


16 700 24000) 10 per cent strength 


| 
17 380 24 260 
15370) 22 400 
15 150) 22 100 
16 080) 23 360 


17 180 23 950 
15 180), 22 150 
15 480) 22 670 
19 000) 27 290 
19710) 27890 
20 800) 28510 
20 910, 28 580 


18 030) 25 670 
16 190) 23 680 
17 770) 25 140 
16 790) 24 830 


27 210 38 810 
29 450! 38 870 
29 110] 38 640 
27 310) 38 760 


22 780) 31390 
20020) 29 280 
20310) 29 280 
20 690) 29 920 


27 040) 38 760 
28 39360 
29920) 39 870 
29 39 980 


17 710) 26 730 
21450) 29 230 
19060} 27830 
22 080) 29 990 


approximate. 


35 750) 36 670 


35 88C| 38 530) Failed by swelling and 


20360) 


| °5100|......|31 960! Failed by swelling and 
.7838| 28 020, 28 740 


cracking. 


cracking. 


1 Screw of deflectometer hit block, causing incorrect reading. 
19-25, inclusive. 


For results of these tests in detail see Figs. 


| | 
| 
| | | 
| | | 
First... 1.0000 
fea .|1.000/0 
gh Grade............| Second .| 1.000 
| 
termediate...........| First. . .| 1.000 0 
on 
termediate.........../ 1.000 |0 
"| 1.000 |0 
4 ass Special.......... First... 1.on0|0 
0.999 
| 1.000 (0 
| 
1...| First...| 1.000 
| 
. 1.000 /0 | } 
| 
No. First... 1.000 
...11:0000 
“ ...10.999)0 
2 | 
11.0000 
“ad, | Ib. per 
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at 20-per-cent compression, the circular sections of the speci- 
mens had become more or less irregular in shape; the cross- 
sectional area had appreciably increased; and in addition 
several of the specimens were slightly bent, or were even in 
double flexure. For this reason, although the ninth column 
of Table IV gives the 20-per-cent compressive strength, per 
square inch of original cross-section, the results in the eighth 
column giving the strength at 10-per-cent compression are more 


25 000 
No d 
20.000 
15000 
ae 
First Sample. 
£ 
& 0 
8 
S Be 
15000 
is) 
10000 
33 Second Sample. 
5000 / 
° 0.05 010 015 020 O25 030 035 OA0 045 050 055 


Compression, in. 


Fic. 19.—High Grade No. 1. 


reliable. It will be noted that the results for each of the various 
grades and samples check remarkably well, and furthermore that 
considerable differences in the spelters are shown. In the case 
of: the dross, complete failure took place in all cases before a 
20-per-cent compression had been reached; in two cases, failure 
took place before the specimens had been compressed 10 per 
cent. ‘This failure consisted in a swelling of part of the speci- 
men accompanied by cracking. For the dross, therefore, the 


ve, 


at 
J 
= 
4 
) 
i 
j 
| 
hy 
ain 
¢ 
ri 
> 
= 


690 RicG AND WILLIAMS ON CAstT ZINC. 


maximum loads are given. None of the spelter specimens 
could be said to have failed completely, since increase of load 
produces an increased area due to deformation, and therefore 
greater resistance. 

It may be interesting to note, in this connection, that 
before starting these tests, two cylinders of High Grade spelter, 
of the same dimensions as the test specimens used in these 
tests, were loaded up to 60,000 lb. Under these conditions, the 


25 000 
20000 
‘siS 
15 000 
x 
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” 
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| = 
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005 O10 020 O25 030 035 O40 O45 050 055 
Compression, in-., 


Fic. 20.—Intermediate No. 1. 


cylinders were compressed to a height of 0.8 in. At a load of 
about 50,000 lb., the specimens developed cracks, but upon 
investigation these cracks seemed to be due more to the friction 
of the plates on the head of the machine (preventing free lateral 
movement of the particles) than to true shearing. Now for an 
original cross-sectional area of 0.7854 sq. in., a load of 60,000 Ib. 
corresponds toa pressure of about 76,400 lb. per sq.in. Itis very 
evident, however, that on account of the increased cross-sectional 


a 
H 
| 


MATERIAL. TENSION. 


Grade. Samp! Remarks. 


High Grade.......... First....| 0.041 | 0.014 | None | 4098/ 6262 giving 
somewhat high. 

Second. .| 0.040 | 0.016 | None | 4973| 4109) 4330 
Intermediate..........| First....| 0.194 | 0.016 | None | 5451] 3740 | 4340 
Intermediate..........| Second..| 0.190 | 0.017 | None | 6088| 4487] 5095 |............cccceeeeeeesceeees 


Brass Special......... First....| 0.474 | 0.013 | None | 13821 | 10125 11980 All finely crystalline giving high 


average. 
Brass Special......... Second..| 0.484 | 0.031 | None | 5351} 4098)| 4330 | Crystals somewhat coarse. Aver- 
age, therefore, low. 
Prime Western No. First....| 1.19 | 0.032 | 0.250 | 10444) 4198| 7710 maximum value 
3 
Prime Western No. 1..| Second..| 1.42 | 0.087 | 0.079 | 4377; 2984) 3700) Mini ly crystalline. .. 


Prime Western No. 2. .| First....| 0.68 | 0.010 | 0.274 | 13543 | 7122 | 10800| Three Specimens finely crystal- 
line, giving high average. 


Prime Western No. 2..| Second..| 1.15 | 0.011 | 0.046 | 5331) 3640) 4670 | Mini ly crystalline... 


| 
} 
| 
| 
| 
| Analyses, Ultimate Strength, 
per cent. lb. per sq. in. 
Pb Fe | Ca _Max- | Min- | Aver ie 
imum. |imum.| age. 
| 
or 
hh 


TABLE V.—SUMMARY OF RESULTS. 


FLEXURE. 
Modulus of Rupture, Total Deflection on 
Ib. per sq. in. 12-in. Span, in. 
Remarks. 
-Max- | Min- | Aver- _Max- | Min- | Aver- 
Specimen giving maximum value | 12 150 | 11 100 | 11 630 |....... 0.28 | 0.22 | 0.25 | Mean c 
finely crystalline. Average 
somewhat high. 
| All finely crystalline giving high | 22 220 | 11620 | 16 550 Ma > 
average. 
Crystals somewhat coarse. Aver-| 16260| 8580 13 110 | Maximum—finely crystalline. 1.0.86 
age, therefore, low. Mini crystals. 
Specimen giving maximum value | 12 830| 8440 | 11020 | Mini ly talline. 0.16 | 0.09 | 0.13 
finely crystalline. 
Mini ly crystalline. ..| 10750} 9400 | 10050 | Minimum—coarsely crystalline.| 0.20 | 0.10 | 0.13 | Maxim 
Mean probably somewhat too 
low. 
Three ens finely crystal-| 18 390 | 13 300 | 16 250 “Se Bek 
line, eh average. Mean probably somewhat too 
-| 11350} 9390 | 10370 | Minimum—coarsely crystalline 0.23 | 0.17 ©0.10-}.... 
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RiGG AND WILLIAMS ON 
THE STRENGTH OF CAST ZINC. 


05 


CoMPRESSION. 
Strength at 10-per-cent | Stre at 20-per-cent 
mpression, ‘ompression, 
Ib. per sq. in. lb. per sq. in. 
Remarks. Remarks Remarks. 
‘Max- | Min. | Aver- _Max- | Min- | Aver- 
imum. |imum.| age. imum-|imum.| age. 
25 080 | 23 500 | 24 230 
sthibgsaiee. ore enc 16 700 | 16 130 | 16 400 | Threespecimens tested... .| 24 000 | 23 430 | 23 640 | Three tested. 
17 380 | 15 150 | 16.000 24260 | 22.100 | 23 030 
20 910 | 19 000 | 20 110 28.580 | 27 290 | 28.070 
18030 | 16190 | 17190 20600 | 23 680 | 24 830 
29 450 | 27 210 | 28 270 |....... 38870 | 38 640 | 38 770 
Maximum doubtfil. . .| 22 780 | 20 020 | 20950 |........ 31 390 | 29 280 | 29 970 
22080 | 17710 | 20080 |... 290900 | 26730) 28 450 
Max. Load, lb. per sq. in. 
35 880 | 35 750 | 35 820 | Two failed before reaching 2s 520 90 300| 34280 
10 per cent. | 
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area of the specimens, they were not carrying anything approx- 
imating this load. Assuming that the volume of the spelter has 
not been materially changed by the compression, a height of 0.8 
in. will mean an average cross-section of 2.5526 sq. in. for a 
specimen originally 2.6 in. long and 1 in. in diameter. Dividing 
this figure into the load we obtain about 23,500 Ib. per sq. in. 
as the load. As a matter of fact, the load is probably even less 
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Fic. 21.—Brass Special No. 1. 


than this, and represents that pressure at which zinc will con- 
tinue to flow indefinitely as long as the pressure is applied. By 
reference to Table IV, it can be seen that this figure has been 
exceeded in most cases in the case of the High Grade metal. 
Therefore, tests carried out above a compression of say 20 per 
cent can throw but little light on the physical properties of the 
spelter. 
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By referring now to Table V (Plate XIX) under the section 
headed “Compression,” we have the averages of the results given 
in Table IV. Taking the strengths at 10-per-cent compression, 
we have for the High Grade and Intermediate spelters figures vary- 
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Fic. 22.—Prime Western No. 1. 


ing between 16,000 and 16,600 Ib. per sq. in. The Brass Special, 
first sample, gives a somewhat higher figure—20,100 lb. per 
sq. in.—which drops, in the case of the second sample, to 17,190 


Ib. per sq. in. This higher value, exhibited by the first sample, 
might be due to either of two causes: (1) To a somewhat finer 
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crystal structure of the first, as previously exhibited by the 
transverse and tension specimens, and (2) to differences in com- 
position between the two. In the latter case, the increased 
compressive strength of the first sample would probably be due 
to the presence of a trace of cadmium, not shown in the analysis. 

Both the Prime Western metals, first sample, show a rela- 
tively high compressive strength at 10-per-cent compression— 
28,270 lb. per sq. in. for No. 1, and 28,700 lb. per sq. in. for No. 2. 
The second-sample metals show a drop in compressive strength— 
20,950 Ib. per sq. in. for No. 1, and 20,080 Ib. per sq. in. for No. 2. 

This second sample metal is higher in lead, lower in cadmium, 
and higher in iron than the first. Which of these variations 
has had the greatest effect in reducing the compressive strength, 
and to the presence of which impurities must we ascribe the 
greater compressive strength of Western spelters? Dross gives a 
compressive strength of 35,820 lb. per sq. in. at 10-per-cent com- 
pression. We further know that iron hardens spelter. How- 
ever, the iron content of the second sample, Prime Western 
No. 1, has materially increased, and yet the compressive strength 
has dropped materially. The variation in lead content has been 
relatively small—only 0.2 per cent. The cadmium content, 
however, has shown a considerable decrease in the case of the 
second sample metal. 

In the case of the Prime Western No. 2, the cadmium varia- 
tion is also very large; 0.274 per cent for the first sample and 
0.046 per cent for the second. We give below the analyses 
of Brass Special, second sample, and Prime Western No. 2, first 
sample, and their strengths at 10-per-cent compression: 


Analyses, per cent. Average Strength 
3 at 10-per-cent 


Grade of Spelter. | Compression, 


| 

| Fe. Pb. | Cd. Ib. per sq. in. 
| 
Brass Special, second sample ........... | 0.031 | 0.484 | None 17190 
Prime Western No. 2, first sample ...... | 0.010 | 0.680 | 0.274 28 700 

| 


Here the only great difference is in the cadmium content; 
the compressive strengths are, however, quite different and the 
results are even more striking when the compression curves are 
compared. (Fig. 21, second sample, and Fig. 23, first sample.) 
The fact that the presence of a small amount of cadmium will 
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greatly increase the compressive strength of zinc is in accord 
with earlier tests that we have made on the metal.' 
The facts would therefore seem to justify the assumption 
that the greater part of the increased resistance in compression 


Load, Ib. per sq. in. 


of Western spelters is due to their cadmium content. 
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Fic. 23.—Prime Western No. 2. 


At any 


rate it seems probable that the presence of a small amount of 


1 Made by us on two lots of Brass Special spelter, test specimens cut from slabs. 
No. 1 contained no cadmium, lot No. 2 contained traces of cadmium. 
at 10-per-cent compression: 
Lot No. 1—(Avg. of 3)—16,418 lb. per sq. in. 
Lot No. 2—(Avg. of 3)—21,903 Ib. per sq. in. 
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cadmium has a greater effect on the physical properties of spelter 
than has generally been supposed. 

The figures for 20-per-cent compression vary in the same 
manner as those for 10-per-cent compression. 
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Fic. 24.—Dross Nos. 2 and 4. 
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Again, by reference to the compression diagrams it will be 
seen that in some cases, one or two of the test specimens were 
much more resistant at the beginning of the test. This is 
especially well marked in Fig. 21, first sample, showing Brass 
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Special metal. Two of the specimens are highly resistant at 
the beginning of the compression; the other two show greater 
deformations. The curves are, however, quite close together 
at 10 and 20-per-cent compression. This greater resistance at 
the-start might be due to any one of the three following causes: 
(1) Variations in composition; (2) greater speed of testing; (3) 
differences in crystal structure. 

Variations in composition are not likely to take place in 
as pure a spelter as Brass Special. The speed of testing was in 
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all cases the same, so this variation in the shape of the curves 
is more probably due to a difference in crystal structure of the 
test specimens; the more resistant pieces having the finer 
crystal structure. This is more than likely, inasmuch as several 
of the tension and transverse specimens of this particular metal 
and sample were finely crystalline. 

The curves for dross as given in Fig. 24 are entirely different 
from those for spelter. This material is highly resistant up to a 
pressure of about 20,000 lb. per sq. in. and then fails suddenly. 
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Fig. 25 shows the average curves for all the specimens 
tested. The curves fall into four classes. 

1. High-Grade, Intermediate and Second-Sample Brass Special 
Metals.—The first part of curve is straight up to a pressure of 
about 4590 lb. per sq. in., after which the compression increases 
much more rapidly. Strength at 10-per-cent compression, 
15,500 to 17,000 lb. per sq. in. 

2. Prime Western, Second Sample, and Brass Special, First 
Sample.—The first portion of curve is straight up to a pressure 
of about 4500 Ib. per sq. in., after which the compression 
increases much more rapidly with the load, but not as rapidly 
as in the case of Class No. 1. Strength at 10-per-cent compres- 
sion, 20,000 tb. per sq. in. 

3. Prime Western, First Sample.—Curve is a straight line up 
to about 5000 Ib. per sq. in.; the deformation then increases 
more rapidly, but not so rapidly as in the case of Class No. 2. 
Strength at 10-per-cent compression, 28,000 Ib. per sq. in. 

4. Dross.—Straight line function up to about 5000 lb. per 
sq. in.; then another straight line function but with a steeper 
slope up to a pressure of approximately 20,000 Ib. per sq. in. 
after which the material fails rapidly. 


EFFECT OF SPEED OF TESTING ON COMPRESSIVE STRENGTH. 


Below are given the compressive strengths at 10-per-cent 
compression of three specimens of High Grade spelter, second 
sample, which were tested at different speeds. 


No.1. | No. 2. | No. 3. 
| 
Speed of testing, in. per min... ..| 0.5in. per ie About 0.05 in. per min. 0.0319 in. per min. 
Strength at 10-per-cent ecmpres- 
23710 16 680 16400 


No. 1 tested at high speed gives a much higher strength than 
No. 2 or No. 3, which are nearly the same. Probably a specimen 
tested at even slower speed than No. 3, would not show a great 
reduction in compressive strength at 10-per-cent compression. 
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The Chairman. 


Mr. Rigg. 


The Chairman. 


Mr. Rigg. 
Mr. Price. 


Mr. Karr. 


Mr. Rigg. 


Mr. Campbell. 


DISCUSSION. 


VicE-PRESIDENT A. W. (in the chair).—The Chair 
would like to ask whether this metal is used raw, or only in 
alloys. Of course, I except such metals as battery zincs, etc. 
Is there any direct use of spelter as a casting metal? 

Mr. GitBert Ricc.—In zinc castings there is a certain 
amount of spelter used. It is used very largely in galvanizing, 
in alloys, in brass, etc. 

THE CHAIRMAN.—What I mean to ask is whether castings 
are made directly from zinc alone. 

Mr. Ricc.—Yes, sir, they are made directly from zinc. 

Mr. W. B. Price.—In regard to Mr. Rigg’s statement as 
to the effect of cadmium on the hardness of spelter, where the 
lead content is relatively the same, I should like to state that 
some years ago we were using for certain purposes a spelter 
running about 0.50 per cent of cadmium, and found it necessary 
to anneal the spelter owing to the high cadmium content. We 
then obtained spelter containing no cadmium and practically 
the same amount of iron and lead, and found that we could use 
that without any annealing at all. 

Mr. C. P. Karr.—I should like to ask whether the size 
of the crystals, other things being equal, is any indication of 
the purity of the metal. 

Mr. Ricc.—In the case of very impure metals, like a dross, 
the size of the crystals is usually pretty small. 

Mr. WILLIAM CAMPBELL.—When one looks up the physical 
constants of any metal, one is immediately struck with the fact 
that physical properties depend entirely on the text-book to 
which one may have referred. The authors of this paper are to 
be congratulated on bringing their data before us in this form, 
because it is shown that such variation can be cleared up in the 
way they have done it. This paper has brought most clearly 
before us the fact that the physical properties of the metal 
under discussion depend not only on the chemical composition, 
but also to a great extent on the structure of the material. I 
think that is very often lost sight of in testing metals. 
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STUDY OF BEARING METALS AND METHODS 
OF TESTING. 


By T. D. Lyncu. 


One does not have to go very far into the study of materials 
for use in the construction or maintenance of machinery until 
the question of the proper bearing material is presented. Shall 
it be made of solid bronze or shall it be made of a bronze or 
cast-iron shell lined with babbitt? If the latter, what shall 
the composition of the lining be and how can it be tested? 

The discussion following will be confined primarily to the 
babbitted type of bearing with special reference to the importance 
of proper heat treatment in order to produce a good babbitt 
and further to the description of certain tests that have been 
made in connection with the study of the subject. 

The introduction of lined bearings dates back to Sir Isaac 
Babbitt who first used a composition containing approximately 
90 per cent of tin, the remainder being copper and antimony. 
This babbitt is sometimes known as “‘Genuine A-1”’, and when 
properly made is tough, hard, has a low melting point, good anti- 
frictional qualities and is more nearly fool-proof than any other 
babbitt in use. It has therefore become a valuable standard 
for the comparison of quality. However, the price of*tin has 
become so high (approximately 50 cents per pound), that the 
problem of a substitute for the A-1 babbitt has become of great 
commercial importance; so much so that almost every conceiv- 
able formula of tin, lead, antimony, copper, zinc and nickel have 
been suggested and many of them tried in service as a substitute 
for the A-1. Some of these have met with success while others 
have met with very marked failure. This infinite variety of 
possible compositions, together with varying temperatures and 
hit-or-miss methods of handling the material, has produced 
innumerable variations in the efficiency of the product. 

Both laboratory and service tests have shown that good 
results may be had with the lead-base as well as the tin-base 
babbitts, so the problem reduces itself to a study of the condi 
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tions necessary to produce certain anti-frictional and mechanical 
qualities, and of the methods of testing for them. 

During recent years we have been conducting a series of 
tests in the laboratories and works of the Westinghouse Elec- 
tric and Manufacturing Co., at East Pittsburgh, for the purpose 
of determining some reliable yet practical test that would indi- 
cate the essential qualities and give a check on the materials 
used and on the method of manufacture, by means of which we 
may learn why a certain babbitt should be used, how it should 
be treated, and what it will do when completed and in service. 

The first test was conducted on a well-known friction testing 
machine, the results of which. were not conclusive in that they 
could not be duplicated from day to day even on the same test 
sample. The experiences of others were then sought and among 
them the late Dr. C. B. Dudley was appealed to for a reliable 
friction test. He replied that he had tried all known laboratory 
tests and semblance of tests, to be convinced that only the 
service test could so far be relied upon. 

We next turned our attention to a practical service test on 
motors operating under severe shop conditions. Ten motors 
were selected for the test. They were of varied sizes but all 
had cast-iron shells lined with tin-base babbitt metal. The 
bearings were all replaced with other bearings lined with the 
lead-base metal carefully and properly made. In every case 
the lead-base lining stood up as well and in some cases better 
than the tin-base lining—the severe conditions under which 
they were operating remaining the same. 

This test was so satisfactory and apparently so conclusive 
that the lead-base metal was adopted for the bearings of a cer- 
tain line of motors and accordingly manufacture was begun 
under normal shop supervision, but very soon bearing troubles 
were reported from the test floor. Some of the relatively few 
bearings which gave trouble were brittle, while others were soft 
and wiped out. The existence of these opposing characteristics 
of failure in a few bearings, in spite of the good results found 
in a large majority of the bearings on test as well as under 
normal service conditions, gave us much concern, and the 
difficulties encountered shattered the faith so far placed in the 
lead-base metal, because it was not entirely clear as to what had 
caused the occasional failure. 
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In order to determine the underlying causes for these varied 
characteristics a test to destruction was planned. With this 
object in view a test bearing was made from a lead-base metal 
but under careful supervision; each bearing was measured 
accurately, each set of measurements including five diameters 
equally spaced at each end and at the middle of the bearing. - The 
bearings were then mounted in a test motor as shown in Fig. 1. 
The motor selected was a 15-h-p., D.C., variable-speed motor. 
A 265-lb. weight was mounted eccentrically on the pulley end 
of the shaft. The motor was run at speeds increased by easy 


Fie. 1. 


steps until the limit of the motor frame was exceeded and the 
frame destroyed; yet the bearing remained in good condition. 

A second test was planned using the same bearing and a 
25-h-p. motor arranged as shown in Fig. 2 (a) and (6). This 
motor was back-geared to a counter shaft to which in turn 
was coupled an arm driving an eccentric weighing 750 lb., thus 
producing a shock similar to the effect found in the operation of 
a rock crusher. A generator was belted to the same counter 
shaft in order to load the motor in the test. The motor was 
run light for several days with shock effect only. It was then 
loaded by steps until an excessive overload was reached, which 
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in addition to the continual shock caused by the eccentric 
produced a condition much more severe than is allowable even 
in extreme practice. Yet with all this the bearing remained 
in good condition and check measurements showed negligible 
wear. 

In this connection it may be well to state that there is a 
distinct difference between bearing metal and bearings, because 
bearing troubles may be due to many causes not inherent in 
the metal—such as defective alignment, improper lubrication, 
insufficient clearance, sand in oil, abnormal belt pull, etc., all 
of which must be considered separately from the bearing metal 
itself. 

No definite measure of quality could be deduced nor 
conclusions drawn from the above tests, therefore other tests 
were sought which would give a measure of comparative value. 
The Brinell test was next tried as follows: a 500-kg. weight on 
a ball 10 mm. in diameter for a period of 30 seconds was used. 
The sample was poured into an open steel mold 2 in. in diameter 
by $ in. deep, previously heated to about 150° C. Before making 
the impressions the specimens were faced off, removing just 
enough metal to even up the two flat surfaces. The Brinell 
test was then made on the bottom end of the specimen at three 
equally spaced points on a circle one-half the radial distance 
from the center. An average of the three readings was recorded 
as the hardness of the metal. A Brinell hardness numeral of 
30 for tin-base and 23.5 for lead-base metal was found to give 
most excellent results, other things being normal; but this test 
did not reveal the whole story, since it failed to differentiate 
between toughness and brittleness. 

A further test was found to be necessary in order to detect 
and study these two characteristics, so a hammer test was 
devised which has shown results that indicate the qualities of 
the babbitt more clearly and definitely than any other quick 
test. The test specimen if soft peens out, if brittle it breaks, 
while if soft and brittle it peens out and crumbles. 

This test resembles the most severe service conditions with 
the wiping action left out and is introduced here as worthy of 
the most careful consideration. ‘The many tests made have 
proven it to be extremely useful in giving a measure of brittle- 
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ness and toughness. When used in combination with the 
Brinell test we have no difficulty in detecting defective babbitt 
metals. 

A series of hammer tests was inaugurated with special 
reference to the comparative qualities of the lead-base and the 
tin-base metals. These tests included a great variety of heat 
treatments and methods of handling the metal and their results 
emphasized the favorable possibilities of the lead-base metal, 
but also showed clearly that the temperature of both the smelt- 


4 
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ing and pouring of the metal must be kept within narrow limits. 

The samples for test were made as follows: 

The metal was poured into a metal mold, producing a 
rough casting 1} in. in diameter by 3 in.thick, which was then 
turned to 1 in. in diameter by } in. thick. The turned sample 
was placed on the anvil of the testing device and the hammer 
set in motion. Readings were taken at frequent intervals, 
obsérving thickness of sample and number of strokes, from which 
curves were plotted. 
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Samples were taken from the kettles where the different 
alloys were being smelted, from stock ingots remelted in a hand 
ladle and from various babbitting pots. A careful record 
was made of all conditions that might affect later results, includ- 
ing the temperature and general condition of the metal, as well 
as the temperature of the molds into which they were poured. 
The results of the tests on these samples demonstrated clearly 
that some were hard and brittle, some soft and brittle and others 
soft and plastic, while still others were hard and tough. The 
tin-base samples showed much less variation than the lead- 
base although some of the very best results obtained were from 
the lead-base metal. These observations and tests further indi- 
cated that smelting and pouring temperatures especially of the 
lead-base metal were of prime importance. 

The following detail study of the lead-base metal was then 
made on material known to be of good quality before subjecting 
it to different temperatures. The results are shown in Figs. 4 
and 5. Thesamples are numbered 1 to 12. 

No. 1 was poured at 320°C. Note the granular and brittle 
condition of the metal due to having been poured too cold. 

No. 2 was poured at 700°C. Note the unstable character 
of this sample due to having been poured too hot. 

No. 3 was heated to 700°C., allowed to become cold, 
then reheated to a similar temperature many times and finally 
reheated and poured at 460°C. This sample was also unstable 
due to repeated overheating, even though poured at a proper 
temperature, 

No. 4 was heated to 550° C. and allowed to become cold, 
then reheated to a similar temperature many times and finally 
reheated to about 490°C. and poured. Note the brittleness’ 
due to repeated overheating, even though the temperature 
was only slightly higher than that necessary for the pouring of 
good bearings. 

No. 5 was heated to 700° C. and cooled to 400° C. before 
pouring. Note the softening effect due to the single over- 
heating. 

Nos. 6 and 7 were poured at 360°C. Both show a decided 
improvement over No. 1 but were poured at too low a tempera- 
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ture to produce the proper hardness and toughness necessary 
for a good bearing. 
No. 8 was heated quickly to 600° C. and poured at once. 
Note that very little damage was done by the one overheating. 
No. 9 was heated similarly to 600° C. but cooled to 460° C. 
before pouring. Note the difference in shape of curves Nos. 8 
and 9. 
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Fic. 4.—Curves showing Effect of Temperature on Babbitt Metal. 


Nos. 10 and 11 were poured at 480° C. and No. 12 was 
poured at 460° C.; all were hard and tough giving curves char- 
acteristic of a good babbitt. 

A large number of tests, not here shown, were also made on 
babbitts of a great variety of composition for the purpose of 
comparison. The tin-base-babbitt curves were practically all 
found to be within the limits shown by Nos. 10, 11 and 12 of 
Figs. 4 and 5. No babbitt tested gave better curves than those 
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made from the lead-base metal when carefully and properly 
made, thus demonstrating the possibilities of the lead-base metal. 

This series of tests was so conclusive as to the importance 
of temperature limitations that a temperature regulator was 
designed and installed on each babbitting pot. These regula- 
tors were so adjusted and safeguarded as to render it impossible 


for the temperature of the babbitt in the pot to exceed a fixed 
limit. 

It has been found to be entirely practical to automatically 
regulate the temperature of the metal in the pot so that the varia- 
tion from a fixed point need not be more than plus or minus 
10° C., and this variation is well within the range of safety for 
the lead-base as well as the tin-base metal. 
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The hammer testing device shown in Fig. 3 on which data 
for the curves of Fig. 4 were made proved so interesting and 
instructive that an improved drop-hammer was designed and 
built. This is shown in Fig. 6. This hammer gives a blow of 
1} ft-lb., but since the anvil is heavy, curves similar to those 
of Fig. 4 are obtained with only about five per cent of the 
number of strokes, and with a correspondingly shorter length of 
time for the test than was required on the device shown in Fig. 3. 


Fic. 6. 


All of the more recent tests including the following have 
been made under the new hammer, and Figs. 7 and 8 are intro- 
duced to illustrate characteristic hammer test curves and appear- 
ance of test pieces made from five different bearing alloys under 
normal conditions. 

These tests represent a few of a long series of tests made in 
connection with commercial work with special reference to the 
following features: raw material used, smelting and refining 
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in the crucible or kettle, Brinell hardness of standard samples 
of the ingot as poured, remelting and pouring temperatures at 
the babbitting pot, temperatures of the shells into which the 
metal is poured, Brinell tests and hammer tests taken from the 
babbitting pots at frequent intervals, and to a limited extent the 
microscopic structure of babbitt known to be good as well as 
that known to be defective. 
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Fic. 7.—Comparative Curves of Babbitt and Bronze Bearing Metals. 


CONCLUSIONS. 


The conclusions drawn as a direct result of these tests, 
together with a large amount of service experience, may be 
summarized as follows: 

1. The number of compositions of babbitt metals should 
be as few as possible, preferably one of the tin-base and one of 
the lead-base and each should be made the best of its class. 

2. The constituent metals must be of superior grade, care- 
fully tested and inspected, since the first requisite is a good 
raw material. 
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3. The alloying or smelting is of vital importance and must 
be so done that the high and low-melting-point metals may 
be properly alloyed far below the melting point of some of the 
component parts. A temperature of 500° C. and less has been 
found to be sufficient to obtain satisfactory alloying of babbitt 


25-2 
Fic. 8. 


metal. The melted metal should at all times be kept covered 
with powdered charcoal or other protection from oxidation. 

4. Pouring the babbitt too cold tends to produce a granular 
or coarse crystal formation and pouring it too hot tends to 
produce a softening effect. The lead-base babbitt is not nearly 
as fool-proof as the tin-base, and therefore the range of pouring 
temperature is more limited. However, a pouring temperature 
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of 460° C. (450° to 470° C.) for both lead-base and tin-base bab- 
bitts has been found to give most excellent results. 

5. Heating the shell to 100° to 150° C. before the bab- 
bitt is poured into it tends to prevent blowholes and similar 
defects and also prevents the lining from shrinking away from 
the shell. 

6. Babbitted bearings must not be jarred while the metal 
is solidifying since any disturbance at this temperature tends 
to enlargement of the crystals and corresponding brittleness. 

7. The matrix of the lining metal should be just stiff enough 
to support the hard crystals. These hard crystals should be 
as numerous as possible and yet not lie on each other to cause 
brittleness. 

8. A Brinell hardness of 23.5 for lead-base and 30 for tin- 
base babbitts has been found to give most excellent results. 

These tests and suggestions are offered simply as a study 
to be furthered by those interested in applying babbitted bear- 
ings to their several service conditions; and while no final 
decision can be reached as the result of these tests, they certainly 
do emphasize the great importance of working closely to given 
compositions, and of following definite processes checked by 
chemical tests, Brinell tests, hammer tests, careful supervision, 
and finally by the court of last resort, service. 
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Mr. Cowan. 


Mr. MacPherran. 


Mr. Lynch. 


DISCUSSION. 


Mr. W. A. Cowan.—The paper presented by Mr. Lynch is 
extremely valuable and interesting, and the information given 
and the further study outlined is greatly needed in the 
practice of applying bearing metals. 

We have had practically the same experience with friction 
tests as is here described, having made a series of tests on a fric- 
tion testing machine designed by Mr. G. W. Thompson. From 
these tests we could draw no certain conclusions, owing to the 
many varying conditions, but expect to continue them after 
eliminating some of the variables. 

Would it not be well to have the formulas of the metals 
tested given with the results reported, so that the microstructure 
of the alloys could be considered? The babbitts described are 
probably of a heterogeneous structure; the tin-base metal prob- 
ably being composed of crystals of the compound CuSn, and 
possibly SbSn compound, in a matrix or ground mass of solid 
solution of tin and antimony; and the lead-base alloy having 
crystals either of antimony or of SbSn compound embedded in 
a eutectic ground mass, as described by Mr. Campbell. In rela- 
tion to this structure of the alloys, the question as to whether 
the structure will be stable or metastable, or whether the segre- 
gation will be more or less, depends on the heat treatment—that 
is, the quick or slow cooling. The effect of this difference in 
structure on the properties of an alloy may be very great. 

The further study suggested by Mr. Lynch might be made 
on alloys of homogeneous structure, using metals in the pro- 
portions which would give either a solid solution or a compound, 
or even the pseudo-homogeneous eutectic. This would show the 
effect of heat treatment on the size of the crystal grains, inde- 
pendent of the change in structure. The tests might then be 
extended to alloys of heterogeneous structure, wherein the 
microstructure can be so greatly changed by heat treatment. 

Mr. R. S. MACPHERRAN.—I should like to ask Mr. Lynch 
as to the percentage of lead in that lead-base metal. 

~ Mr. T. D. Lyncu.—The lead-base metals used in these 
tests contained from 50 to 85 per cent of lead. 
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Mr. J. A. Capp.—In practical use, bearings can perhaps be Mr. Capp. 
placed in two classes, according to the service to which they are 
subjected. In the ordinary type of bearing that is used in a 
steady running machine, there is simply friction to be contended 
with and the ability of the metal to withstand the dead load 
rotating against the bearing. The other class is that in which, 
in addition to friction and dead load, there is a peaning action 
or hammer blow. General experience tends to indicate that the 
tin-base metals are more apt to stand up well in bearings of the 
latter class, while the lead-base babbitts give excellent service 
in bearings of the former type. Mr. Lynch’s paper indicates 
partly why this is so, but it has occurred to me that one reason 
why practical experience has shown the same thing is that the 
tin-base metals are relatively more nearly fool-proof. There 
seems to be a wider range of temperature to which the tin-base 
metals may safely be subjected without spoiling them, whereas 
the lead-base babbitt metals seem to be relatively more sensitive 
to temperature, and while experience has shown that lead-base 
metals often will stand up under peaning action, they frequently 
will not do so, whereas the tin-base metals will generally stand up. 

Mr. Lynch’s paper is very welcome, in that it shows us a 
means of testing out these differences, and of showing the reason 
for the preference based on practical experience. 

VicE-PRESIDENT A. W. Grpps (in the chair).—The paper The Chairman. 
shows that the metals tested with certain heat treatment did not 
go to pieces, either by spreading or by becoming brittle and 
dropping out. Does it show that the metals which performed 
satisfactorily in the above respects are also good for carrying 
loads? Does it follow that such metals as Nos. 12, 11, and 10, 
which behaved so well under the drop, would also be good 
metals from the heating standpoint? 

Mr. Lyncu.—In answer to your question, Mr. Chairman, Mr. Lynch. 
I do not know that it follows that the bearing which best resists 
hammer action is also a good anti-friction metal. There are 
so many other ways of determining anti-frictional qualities of 
metal, that I have left that open. We know, for example, that 
a certain analysis will give good anti-frictional qualities, and 
there is seldom trouble from that source alone. 

With reference to peaning, that action is due in my opinion 
to stresses in excess of the elastic limit. 
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ESTIMATION OF FINE PARTICLES IN CEMENT 
BY RATE OF HYDRATION. 


By H. S. SPACKMAN. 


The purpose of this paper is to bring to the attention of 
students of cement, in the hope of their continuing the work, 
a hitherto univestigated field of research which shows possibili- 
ties of developing a test more thoroughly indicative of the 
efficiency of grinding than the present sieving test. 

The tests forming the basis of this paper were undertaken 
in connection with membership in Committee 30 of The Inter- 
national Association for Testing Materials, to which was assigned 
the problem of developing a method for the determination of 
fine flourin cement. Professor Gary, chairman of the committee, 
advised the members that there was no pre-determined program 
for the investigation, but that each member of the committee 
was left free to proceed independently to determine which 
of the two proposed methods—namely, the separation of the 
cement, either by air or by liquid, into portions, according to the 
size of the particles—would best serve the purpose, or to develop 
another method if he thought it desirable that both processes 
be abandoned and replaced by another more reliable or simple 
one. 

It was decided, in view of the fact that the other members 
of the committee were studying the separation of fine particles 
by liquid or air, to investigate what relation, if any, existed 
between fineness of grinding on the one hand, and the decrease 
in specific gravity and increase in combined or chemically fixed 
water in the set cement on the other. While it was realized 
that such a relation, if demonstrated, would give no definite 
information as to the various percentages of the particles of dif- 
ferent sizes present, it was thought that if either the decrease in 
specific gravity or increase in water of combination was shown 
to have a sufficiently constant relation to the amount of cement 
present in a fine enough state of sub-division to take part in 
the chemical reactions of setting and hardening, the purpose for 
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which the committee was appointed would be accomplished. 
It was also thought, in view of the known fact that the chemical 
composition and degree of burning, as well as fineness of grind- 
ing, are important factors in determining the activity of particles 
of cement of a given size, that the determination of the rate and 
extent of hydration would be a more correct index of the value 
of the cement than the mere determination of the percentages of 
particles of various sizes present, since the effect of chemical 
composition and burning, as well as of fine grinding, would be 
included in any conclusions drawn from the determination of the 
rate and extent of hydration, evidenced either by the content 
of combined water or decrease in specific gravity. 

While the following tests are in no way conclusive, and are 
confessedly open to criticism for lack of completeness and crude- 


TABLE I. 
Speciric GRAVITY. 

Gaged Cement: 


ness of the methods employed, they are sufficiently concordant 
to suggest, if not to prove, the existence of a more or less definite 
relation between the fineness of grinding on the one hand, and 
the decrease in specific gravity and increase in the content of 
water of combination of the hydrated cement on the other. 

In order to ascertain in a general way the rate of hydration 
of a normal cement, a commercial sample which passed the 
Standard Specifications of this Society was made into neat 
briquettes. These were stored 24 hours in moist air, then sub- 
merged in water. Briquettes were taken at the several periods 
indicated in Table I, ground, dried to a constant weight at a 
temperature of 100° to 110° C., and the specific gravity 
determined. 

These tests, as might be expected, showed upon first harden- 
ing a marked decrease in specific gravity and a gradual decrease 
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as hydration proceeded, up to the 21-day period, after which no 
decrease in specific gravity was noted, indicating for this partic- 
ular sample the practical completion of the initial hydration 
prior to the 21-day period. 

In order to ascertain whether the maximum hydration took 
place when the cement was in the form of a mortar, a sample 
of the same cement was placed in a test tube with water and 
agitated for 28 days. This, when tested in the same manner, 
gave a specific gravity of 2.47 and a loss on ignition of 15.52 per 
cent, indicating probably the maximum hydration attainable at 
28 days under ordinary temperature conditions. 

In order to determine the effect of the size of grains on the 
rate of hydration, another cement having a specific gravity 


TABLE II. 
Specific Loss on Ignition, | Increased 
Gravity of per cent. Loss by 
Cement. Hydrated Hydration, 
Cement. Before After per cent. 
Hydration.| Hydration. 
As received after hydration........ 2.94 1.70 5.22 3.52 
Passing the 100 and retained on the’ 
| 3.12 0.65 1.45 0.80 
Passing the 200-mesh sieve........ | 2.84 1.95 6.17 4,22 


of 3.17 and loss on ignition of 1.70 per cent was tested. Twenty- 
gram charges of the cement as received, of the portion of the 
cement passing the 100-mesh and retained on the 200-mesh 
sieve, and of the portion that passed the 200-mesh sieve, were 
placed in test tubes with 50 cc. of water, and continuously 
agitated for a period of 24 hours, then dried to constant weight 
at 100° to 110° C., after which the specific gravity and loss on 
ignition were determined on the three samples. The results 
are given in Table IT. 

In order to determine whether exposure to steam at atmos- 
pheric pressure would give at short periods hydration approxi- 
mating that after a longer exposure in water, the same cement 
in the condition it was received, the portion that passed the 
200-mesh sieve, the portion passing the 100-mesh and retained 
on the 200-mesh sieve, and the cement after grinding in a lab- 
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oratory ball mill for 1, 2 and 3 hours respectively, were made 
into neat mortar, allowed to stand in moist air for 24 hours, 
then subjected to steam at atmospheric pressure for 24 hours. 
The results obtained are given in Table ITI. 


TABLE III. 
Fineness, 
per cent passing Increased 
oy sieves. of Loss by 
Hydrated Before After oe 
No. 100. | No. 200, | Cement. Wiydvetion. \lydeation. per cent. 
As received........ 95.6 77.8 | 2.66 1.70 8.58 | 6.88 
Ground lhr....... 99.8 91.0 | 2.60 1.70 9.41 7.44 
Ground 2hr....... 100.0 97.01 2.39 1.70 9.33 7.63 
Ground 3 hr....... 100.0 99.0 | 2.58 1.70 10.93 9.23 
Passing 100 and re- 
tained on the 200..} 100.0 00.0 | 3.03 0.65 1.60 0.95 
Passing the 200 sieve | 100.0 | 100.0 | 2.63 1.95 10.17 8.22 


In order to determine whether suvjecting the cement to the 
action of steam at high pressures and temperatures would show 
a further decrease in specific gravity and increase in water of 
combination, another cement was made into briquettes. A 
part of these were subjected, after exposure, to moist air for 24 
hours and to a steam pressure of 20 atmospheres in an autoclave 


TABLE IV. 
Content of | Content of 
Specific Loss on F 
Cement. Gravity. | Hgnition, | | Waren: 
per cent. per cent. 
3.16 0.50 0.40 0.10 
Hydrated in moist air for 24hr....) 2.74 6.90 1.25 5.65 
After hydration in air and exposed 
to steam pressure of 20 atmos- 


for 2 hours. Table IV shows the specific gravity, loss on ignition, 
and content of carbon dioxide and combined water, of briquettes 


exposed to moisture in the ordinary way and to high steam pres- 
sure in the autoclave. 
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In the absence of any known data showing the specific 
gravity of a completely hydrated cement, a sample of another 
brand of cement was takefi as received, made into a slurry with 
60 per cent of water, placed ina laboratory ball mill, ground for 
8 hours and allowed to stand over night. This cement, on 
examination next morning, was found to be partially set. Water 
to the amount of 60 per cent of the original weight of the cement 
was added, grinding continued for 8 hours, and a sample taken 
for analysis. The cement was allowed to stand over night 
as before. The next morning, while not set, it was found to 
be too thick to allow of continuing the grinding; and a third 
addition of water to the amount of 60 per cent of the original 
weight of the cement was added, making a total of 180 per cent 


TABLE V. 
Content of Content of 
Gravity. | per cent. | Dioxide, | Water, 
| percent. percent. 
. | 3.12 | 1.50 | 1.20 | 0.30 
After 2 days grinding............ 1 2.9 | 15.50 | 2.60 | 12.90 
After 3 days grinding............ | 2.27 | 16.90 | 2.50 14.40 


After 5 days grinding............ | 2.27 | 18.05'| 2.50 | 15.85 


of water necessary to make the mixture sufficiently fluid to grind 
properly. Samples were taken at the expiration of the third 
day’s grinding and at the expiration of the fifth day’s grinding. 
After drying to constant weight at 100° to 110° C., the specific 
gravity of these samples was determined and analysis made for 
carbon dioxide and combined water. The results are given in 
Table V, and indicate a possible specific gravity of completely 
hydrated cement below 2.3 and a content of chemically combined 
water of above 15 per cent. It is doubtful whether so great a 
hydration ever occurs in practice, even after long exposure to 
water, although the individual particles may have even lower 
specific gravity. 

While the above tests and others made in our laboratory 
show that a relation exists: between fineness of grinding and the 
rate and extent of hydration of Portland cements, it remains 
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to be determined whether this relation is sufficiently definite to 
admit of its forming a basis for the development of a test which 
will replace the use of sieves in the commercial laboratory. 

We regret that we were unable to carry out our intention 
of repeating these tests, which were made over a year ago, a 
sufficient number of times to determine whether the phenomenon 
of hydration was sufficiently positive to prevent the results 
obtained being markedly affected by unavoidable variations 
in the conditions under which the test was made, and also to 
ascertain whether it was possible for different operators working 
on duplicate samples to check each other. 

We had also hoped, by working on synthetic mixtures of 
cement containing known quantities of particles of different sizes, 
to develop whether any definite relation existed between the 
content of particles below a certain size and the extent of hydra- 
tion; also to find an explanation for the anomaly shown by these 
tests, of the cement being able after hydration had proceeded 
to a certain point to fix additional water without a correspond- 
ing reduction in specific gravity being apparent; also to deter- 
mine the changes in specific gravity and combined water of 
cement mortars during long periods of storage under water. 


[For discussion of this paper, see pp. 737-739.—Eb.] 
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THERMAL ACTIVITIES OF PORTLAND CEMENT 
DURING THE PERIOD OF SETTING. 


By Louis N. BEALS, Jr. 


A characteristic property of cement is the heat liberated 
during the period of setting. Plotting the time intervals after 
mixing as one coordinate, and the heat evolved during this 
period as the other, curves are obtained, unique for each sample, 
but falling into several classes within which close relationships 
exist. The possibility of thus determining the normal char- 
acteristics of a sample, later checking these determinations by 
the regular 7 and 28-day tests, persuaded Mr. Mont Schuyler, 
in charge of the St. Louis Testing Laboratory, to have a series 
of tests of this nature made by the writer, after Mr. A. S. Cush- 
man had demonstrated the interest of the subject in a paper 
recently presented before the Eighth International Congress of 
Applied Chemistry, on the heat evolved by cement during the 
period of setting. 

The initial experiments were made in an apparatus consist- 
ing of a can to hold a mix containing 900 g. of cement plus 
25 per cent of water. This can was inclosed in a larger one, 
with a paper insulation between the cans. The curves obtained 
with this apparatus are shown in Fig. 1. 

The exaggerated vertical scale of Fig. 1 does not reveal, 
as clearly as did the original graphs, the characteristic differences 
in the rate of temperature rise, between one brand and another. 
These differences are quite characteristic and comparatively 
consistent for each brand. The differential curves for two of 
the brands graphed in the first figure are shown in Fig. 5. 
Referring back to Fig. 1, it will be seen that the total heat 
evolved was very closely the same for these two samples, not- 
withstanding the vast difference in the rates of evolution shown 
by this figure. 

To discover whether there was any parallelism between the 
thermal characteristics and the usually determined characteris- 
tics of a cement, the curves of Fig. 6 were drawn. These curves 
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show graphically the properties of some of the cements whose 
thermal peculiarities are given in Fig. 1. The curves, showing 
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Fic. 1.—Tests with First Apparatus. 


the time of maximum rise and the tensile strength of the 7-day 
neat briquettes, display a parallel trend and may indicate some 
relation. It was also noted that if the maximum heat evolved 
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fell below a certain amount the soundness became questionable. 
These results are shown in heavy dashes in the figure. Owing 
to the errors introduced by radiation, this line of investigation 
was pursued no further at the time, but data obtained with the 
present and more perfect apparatus are emphasizing the relation- 
ships indicated above. It was noted, however, that when 
unsound cement became sound by aging, the heat evolved was 
not increased, so far as could be roughly determined. 

Even with the best possible insulation, the importance of 
the radiation losses during the long period of setting, was 
emphasized by the preliminary tests. ‘The apparatus was there- 
fore modified by surrounding the can with a cylinder of asbestos 
steam pipe covering 1 in. thick, with covers and bottom of the 
same material. This system was then inserted in an outer case 
similarly constructed and large enough to leave an air space 
of about 13 in. between the two cylinders. It was intended 
also to take readings of the temperature of this air space and 
derive radiation corrections. The heat capacity of the inner 
insulating cylinder, however, made the observations valueless. 

Fig. 2 shows some of the curves obtained with this apparatus. 
They are all made on the same brand of cement, except No. 11, 
which is inserted for comparison of the two sets of apparatus. 
The comparative uniformity of the slope of these curves for one 
brand is apparent. 

To obviate the undesirable heat capacity of the second 
apparatus, a vacuum bottle, with its low radiation factor and 
small heat capacity, was suggested. The cement paste was 
inclosed in a test tube, which was then inserted in water in the 
vacuum bottle, the protecting outer case covered with asbestos 
paper and a sensitive thermometer inserted through the cork. 
The water equivalents of the cement paste when hardened, of 
the test tube and vacuum bottle, corks, etc., were determined, 
and the observed rises reduced to calories per gram of dry cement. 
The bottle was rolled thoroughly to equalize the temperature 
before each reading of the thermometer. 

Several of these curves are shown in Fig. 3. Even with 
the low heat loss of the vacuum bottle the radiation correction 
is very important, as will be seen by this figure, in which many 
tests were run on single samples, under very varying external 
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temperatures. These varying temperatures caused great dif- 
ferences in the curves. ’ 

To cover a point raised by Mr. Cushman, that unkneaded 
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Fic. 2.—Brand A; Tests with Second Apparatus. 


cement did not produce a rise of temperature, the experiment 
recorded in Fig. 4 was performed. In this instance the cement 
was added to water in a beaker, stirred thoroughly and then 
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Time Scale- Extension for 
Curves No.36,37 & 38. 
22 24 26 238 


T 


T 


o 


Experiments with Thermos Bottles 
on Calories evolved per gram of Ce- 
ment when setting. Radiation los- 
ses not determined. 

The Notation ona Curve, e.g. 25= 
9=/7means that the Curve is the 
Graph of the 25 t Experiment, and 


was made onthe same CementSam- 


ple as were Experiments and /7. 


27. 08 
ymax, const) 


there abt 


‘ 


alkaline. 
sol inercess 
HCl. 


— 
ry 


No. 34. 
Added Hi 


N 


N 


= 


continued ~ 


Cont.atleft 


x) 


Calories Liberated per gram. (Not Corrected for Radiation Losses) Thermos Bottle Experiments, 
= 


Cont. at left 
Cont: at left 
8 
6 
2 
4 6 3 16 18 


Time after Mixing, Hours. 
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into the vacuum bottle. It will be seen that the curve 


is quite concordant with curves of kneaded cement previously 


shown. Later experiments showed that the cement and water 
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Fic. 4.—Unkneaded Cement (in Thermos Bottle). 


be inserted separately with identical results. (The 
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cussed. 


) 


be 
4 
3 
| 
| Vie! 
| 
| 
ie 


726 BEALS ON THERMAL ACTIVITIES OF CEMENT. 


The radiation correction having been shown by the curves 
of Fig. 3 to be absolutely essential, even with a vacuum bottle, 
a machine was designed to hold six of these bottles in a revolving 
cylindrical case, with axes at 45 deg. to the axis of revolution, 
thus slowly stirring the materials in the bottles from top to 
bottom of the bottles, as well as circumferentially. 

Pending the construction of this apparatus, a crude machine, 


0.8 


= 
30.6 
205 
= 
2 
04 
2 0.3 
£ 
' No Brand 
0 \ <x. ke 
0 Ve 4 6 8 10 2 


Time after Mixing, Hours. 


Fic. 5.—Typical Temperature Increments. 


shown in Fig. 9, was constructed by the writer. The vacuum 
bottle, held rigidly in a cage, sets inside of a jacket can with 
removable top. A thermometer passes through a water-tight 
rubber cork in the bottle, then through a similar cork in a 
tubulure in the can cover. Through another tubulure a 
thermometer extends into the jacket water surrounding the 
bottle. The can is then rigidly connected at an angle of about 
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45 deg. to a shaft of the apparatus and slowly turned by a small 
motor, as shown. 

The revolution of the apparatus thoroughly agitates the 
material in the bottle and prevents its sticking to the bottle. 
This motion also stirs the jacket water. Later experiment has 
shown that the 45-deg. angle may be dispensed with and the 
bottle simply revolved on its axis without the charge sticking. 
This permitted placing the cement directly in the bottle with the 
desired amount of water, omitting the test tubes. 

Mr. R. Hospes, under the direction of Mr. Schuyler, has 
been continuing the experiments in this apparatus. Very 
concordant results are being obtained and the points plotted 
all lie on quite smooth curves. Two hundred and fifty grams of 
dry cement are poured into 300 g. of water in the bottle, and 
the apparatus is stopped at intervals to allow the thermom- 
eter to be read. The radiation corrections were found by 
running a blank test in the apparatus, and they include any heat 
due to friction and stirring. 

Fig. 7 shows the graphs of these experiments. It will be 
seen that if the radiation is taken into account the evolution of 
heat is discovered to continue over a period of more than 100 
hours. The derivative of these curves, with respect to time in 
minutes after mixing, gives the heat being evolved at any given 
time. This is shown by curve IV for sample I. There is a sud- 
den evolution at mixing, then a sharp minimum, probably close 
to the time of initial set, followed by a longer maximum which 
probably marks a more intrinsic property of the cement than 
the conventional final set. Another minimum and maximum 
follow, the significance of which may be developed on further 
investigation. 

A second run on the same cement was made, as shown by 
curve II. It is evidently a remarkably close check with curve I, 
indicating that the results may be duplicated whenever desired, 
and much more closely than some of the usual tests. The dif- 
ference at any point is but a fraction of a calorie per gram. 

The use of dry cement is much more convenient and exper- 
iments are more easily duplicated than when kneaded cement 
is used, for some of the initial heat is lost in kneading. To deter- 
mine whether kneading was essential to properly characterize 
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the cement, a test (curve III) was made on kneaded cement. 
There is a slight lag in the rise at the start but by the time of 
the maximum the curve had practically merged with the curves 
I and II. This is important, as it shows that the use of dry 
cement, unkneaded, is entirely permissible. 

To give a general idea of the relation of scales, curve V is 
copied from Fig. 3 on this sheet. 

Desiring to know the effect of kneading cement, allowing 
it to lie until it stiffened slightly, then rekneading it, curve VI 
wasrun. It betrays the general characteristics of the unkneaded 
and kneaded but immediately tested cement, with a practically 
constant difference during the initial period, due to the heat 
lost while standing between the two kneadings; although 
beyond the break in the curve at nine hours, it shows a steeper 
subsequent rise than the other curves. The indications are 
that it would have reached or possibly passed them, had the 
test been longer continued. 

A test run on some brand ‘‘A” cement of normal char- 
acteristics, but lower tensile strength, gave a curve showing 
the long rise of the one shown in Fig. 7, but the initial slope 
was less, and at 50 hours there had been 12 calories per gram 
less evolved. If the strength depends on the coagulation of 
the colloids, and this coagulation is proportional to the heat 
evolved, there would appear to be a direct connection between 
the total heat evolved and the strength. This is being inves- 
tigated at the time of writing. 

It is hoped, by collecting a large number of tests along the 
final lines above, to settle conclusively the question whether the 
properties of the cement may be approximately determined 
from such heat curves. The part of interest would be that part 
up to and somewhat beyond the maximum rate of heat evolution. 
The indications are that this method will yield data more char- 
acteristic of the cement than the usual tests, whose results, 
furthermore, depend so intimately upon the personality of the 
man making the tests. 

In this connection the following quotation from “The 
Chemistry and Testing of Cement,” Mr. C. H. Desch, p. 152, is 
of considerable interest: 
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“The thermal method promises to yield very interesting results when 
further perfected. The readings, with different quantities of cement, differ 
considerably, mainly on account of the low conductivity of the material, 
and hence it has not been widely adopted, but, after being standardized, it 
may probabiy come into more general use. 

“Very careful precautions must be taken to minimize the loss of heat 
by the mass, especially in the use of slow-setting cements, as small variations 
of temperature may be entirely masked by the effect of radiation and conduc- 
tion of heat to the surroundings. When special arrangements are made to 
avoid this error, the curves shown in Fig. 12 become somewhat modified, 
the fall of temperature after the initial set disappearing, so that the curve 
indicates a progressive rise in temperature, which is rapid at first, then slow 
or stationary, and then, when the further reaction sets in, again very rapid. 
The results obtained by the thermal method are therefore dependent in a 
much greater degree on the quantity of material used for a test than are 
those obtained by a mechanical or indentation method, and it is for this reason 
that several investigators, after a trial of the thermal test, have abandoned 
its use.” 


By abandoning the effort made by Gary to prevent heat 
losses, and simply correcting them, as in ordinary calorimeter 
work, the process becomes much more definite and feasible. 

In a previous paragraph reference was made to the pos- 
sibility of a relation between the heat evolved in the setting 
of cement and the strength of the latter. As some colloids are 
coagulated by acids, at the close of the test graphed in curve 
No. 36 of Fig. 3, some hydrochloric acid was added to reduce the 
alkalinity, and the resulting heat evolution, which is pronounced, 
observed. Similarly with the curve of Fig.4. As this acid also 
acts on cement, however, an attempt was made to determine 
whether the colloid was first coagulated, followed by a slower 
colloidization of the still solid cement. Fig. 8 records the trial 
of varied and repeated additions of acid to equal portions of 
a very thin cement grout (curves I and II), comparison being 
made with the same volume of the decanted clear liquid (curve 
III) from the grout and with an equivalent amount of dry 
cement. The acid in each case was diluted with an amount of 
water which would bring the total liquid in the apparatus up to 
the same volume as in the previous experiments. The co- 
ordinates are in total degrees of rise against time with no 
radiation corrections. ‘They demonstrate the impossibility of 
a decisive deduction based on the action of this particular acid. 
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The experiment will be repeated with some coagulating salt 
having no action on uncolloidalized cement. This salt will be 
added at different intervals after the mixing of the cement with 
water, in order to observe the progress of the colloidalizing 
action. 

It seems a reasonable hypothesis to assume that the strength 
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Fic. 8.—Heat Evolved on Adding Acid. 


of hardened cement is due to the cohesive ability of the coag- 
ulated colloid to hold crystals, uncolloidalized bodies, etc., 
firmly together. The microscopic investigation of set cement 
mentioned by Desch has demonstrated that colloids constitute 
the matrix of the hardened material. Furthermore, the action 
of setting, etc., is very analogous to the behavior of all colloids. 
There is a first period, during which the colloid is forméd, then 
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at the end of a certain interval the colloid begins spontaneously 
to coagulate. The coagulation of a colloid is always accom- 
panied by a considerable evolution of heat. These phenomena 
are all paralleled by the action of cement. In view of the pre- 
dominance of colloids in the hardened material, it should be to 


(0) 
Fic, 9, 


the properties of colloids that we should look for explanation 
of the hardening action, rather than to those of crystals. Inter- 
lacing crystals give but a weak bond whereas the commercial 
applications of glue, the typical colloid, and of glass, as another 
example, all demonstrate the relatively great strength of the 
solid collodial state of aggregation. 
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Mention is also made of the fact that silicic acid is coag- 
ulated in a few minutes by a solution containing 1/10000 part 
of alkaline or earthy carbonate. This has a very active interest 
in connection with cement by showing the extremely minute 
quantity of a detrimental substance required to influence strongly 
the action of a colloid. Colloidal alumina, for instance, is coag- 
ulated by a scarcely appreciable trace of sulphate of potash 
and other salts. Zsigmondy' also demonstrates another property 
of colloids, that they may be protected from coagulation by 
small amounts of other colloids, etc. The marked influence 
of minute quantities of certain substances on the behavior of 
colloids possibly indicates that the causes for deficient cement 
may better be examined in the action of small amounts of 
impurities rather than in variation of the proximate consti- 
tution or the manufacture of the cement itself. It is reasonable 
to suppose, if such deleterious impurities are at all frequent of 
occurrence, that the development of the manufacture may have 
led to a procedure which produces a protecting substance which 
will neutralize ordinary adverse impurities, but not others less 
frequently encountered. It may be that very small proportions 
of these latter may account for inexplicable irregularities in 
cement. 

Another striking feature of some colloids is the strength 
they develop when coagulating. For instance, isinglass dried 
on glass will tear up particles therefrom; colloidal tungstic acid 
may do the same. Glass itself is also a colloid possessing great 
strength, which is masked by its brittleness. The use of glue 
in the arts depends upon its strength on drying. Desch shows 
that it is to strength of this character, rather than to the much 
more feeble resistance of interlaced crystals, that the strength 
of cement must be ascribed. The gain in strength of cement 
in one day, therefore, is quite analogous to the behavior of 
many other colloids. 

Zsigmondy* says: “A rise in temperature of 1°.1 C. was 
observed during the formation of the 5-per-cent jelly (of silicic 
acid).” 


1**Colloids and the Ultramicroscope,” p. 79. 
2 Ibid., p. 49. 


| 
| 
: 
} 
/ 
| 


BEALS ON THERMAL ACTIVITIES OF CEMENT. 735 


This would be roughly in the neighborhood of twenty 
calories per gram, quite of the order of heat evolution observed 
in cement when no radiation correction was made. The heat 
evolution by colloidal silver, 250.98 to 126.73 calories per gram 
in dilute or concentrated solution respectively, is also noted. 
Hence the heat of coagulation of the colloid may be amply 
sufficient to explain the observed rise of temperature. 

The following extracts from Zsigmondy' are relevant to 
this phase of the subject. Speaking of the coagulation of the 
colloids, he says of silicic acid, which he takes as a typical colloid: 

“The solution of hydrated silicic acid, for instance, is easily obtained 
in a state of purity, but it cannot be preserved. It may remain fluid for days 
or weeks in a sealed tube, but is seen to gelatinize and become insoluble at 
last; nor does the change of this colloid appear to stop at that point. For 
the mineral forms of silicic acid deposited from water, such as flint, are often 


found to have passed, during the geological ages of their existence, from the 
vitreous or colloidal, into the crystalline condition. 

“A dominating quality of colloids is the tendency of their particles to 
adhere, aggregate and contract. This idio attraction is obvious in the 
gradual thickening of the liquid, etc. In the jelly itself (speaking of silicic 
acid) the specific contraction . . . still proceeds, causing separation of 
water . . . and ending in the production of a hard strong mass, of 
vitreous structure, which may be anhydrous, or nearly so, when the water 
is allowed to escape by evaporation.” 


The following analogies support or accord with the working 
hypothesis that the properties of cement are those dependent 
upon the nature of colloids in general. 

The clinker produced by semi-fusion is largely colloidal. 
The cement finally coagulates, after a period of solution, like a 
colloid. The heat accompanying this may be developed by the 
coagulation, though the possiblity that crystallization plays a 
part must be admitted. 

The hardened cement is largely composed of colloidal 
matrix as shown by the microscope. The strength of the 
product is in accord with what is known of other colloids and 
not with that of interlaced crystalline masses. Most colloids 
become crystalline only after long periods and not within a day 
or two, so that the strength of the colloidal cement is hardly to 
be expected to develop from a change into the crystalline form. 


1‘*Colloids and the Ultramicroscope,”’ p. 79. 
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If the setting of cement be a coagulation, then the analogy 
with other colloids would lead to the necessity for investigation 
of the effects of comparatively small quantities of impurities; 
for example, loam in sand, sugar, etc. 


SUMMARY. 


1. The evolution of heat following the tempering of Port- 
land cement has been recognized for some time as being a unique 
and perhaps definitive characteristic of this material. 

2. Study along this line has not been rigorously prosecuted 
in the past due to the difficulty of preventing heat losses. The 
relatively slight amount of heat evolved together with the length 
of time during which evolution takes place, vitiated most exper- 
imentation. 

3. The use of a vacuum bottle of the familiar type, and the 
application of radiation corrections in place of attempting to 
eliminate heat losses, has produced an apparatus by means of 
which close quantitative results may be obtained. 

4. The peculiarities of the curves obtained by plotting 
calories against time, seem to indicate that the time of set and 
tensile strength are due to the colloidal nature of cement. This 
is seemingly supported by references to the well-known char- 
acteristics of colloids. 


[For discussion of this paper, see pp. 737-739.—Eb.] 
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JOINT DISCUSSION .! 


Mr. WATSON VREDENBURGH, JR.—I wish to ask Mr. Spack- Mr.Vredenburgh. 
man if the briquette passed the steaming test, and as to its 
tensile strength. 

Mr. H.S. SpAcCKMAN.—The cement passed the standard Mr. Spackman. 
boiling test and was also exposed in the autoclave. I do not 
remember the strength of the briquette, but I know it showed 
a marked gain. 

Mr. R. J. Wic.—It may be of interest to know that the Mr. Wig. 
Bureau of Standards has developed an analyzer for analyzing 
cements of any degree of fineness which will give results as 
accurately as our standard sieves, both of a sieve size and of 
any smaller size, that is, with a variation not exceeding 1 per 
cent for separate determinations. An apparatus has also been 
developed for separating the fine material in quantity, not quite 
so accurately as the analyzer but accurate enough to study 
the value of the various-size particles. 

Mr. SpacKMAN.—I wish to express the thought that even Mr. Spackman. 
though we have accurate apparatus for air separation, or separa- 
tion by liquid, which will enable us to determine the fineness of 
grinding and the different percentages of flour which are so fine 
as to be beyond measurement by the ordinary sieve, that does 
not give us a real indication of the activity of cement. The 
purpose of the sieving test is not solely to inform us of the 
amount of fine flour in the cement. We have assumed gen- 
erally that the finer the cement was ground, the more active 
it would be, and have adopted the fineness test as indicative of 
activity; but other qualities beside fineness affect activity. 

Now, a test based on the rate of hydration, whether that is 
measured by the decrease in specific gravity, or by the increase 
in temperature and the rate at which the heat is evolved, or 
by the determination of the amount of water fixed, will include 
the other factors which contribute to the activity of the cement. 


1 Joint discussion of the two preceding papers by Mr. H. S. Spackman and Mr. Louis 
N. Beals, Jr. 
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I also wish to anticipate possibly what Mr. Bates is going 
to say, and express my thought that we cannot wait to find 
out just how cement hydrates and what its constitution is. That 
problem has been studied for years. The German Government 
some years ago offered a prize for its solution and then con- 
tinued the competition, but I do not think any papers have 
been submitted. The problem of how cement hydrates is as 
far from solution, unless Mr. Bates will throw some light on it, 
as it was twenty years ago. Therefore I do not think we can 
afford to wait if, accepting that the strength of cement is due 
to the rate of hydration, no matter how it is caused, it can be 
shown that that rate of hydration bears some direct relation 
to the strength developed. I think there is a possibility of 
working out a commercial test along these lines. 

Mr. P. H. BAtes.—The matter of hydration of cement is so 
complex that, when we take several different conditions, as 
Mr. Spackman used in his experiments and those which Mr. 
Beals used in his, and try to make comparisons, we immediately 
get into difficulties. Mr. Beals used about equal parts of water 
and cement. Under these conditions he obtained a hydration 
which is decidedly crystalline, and which is entirely different 
from that which we obtain in the normal hydration of cement 
or concrete where the proportion of water to cement is about 
5 to 1 or less. In this latter condition the hydration tends 
toward the formation of minute crystals, and in some cases the 
“‘state”’ which is referred to as colloidal. 

Owing to the not-completely-understood colloidal state of 
matter and what colloids are in general, it would be better that 
this term be used somewhat carefully. Thus we find in Mr. 
Beals’ paper that cement clinker is spoken of as colloidal. This 
is entirely erroneous, as under a magnification of only 225 
diameters, clinker will show crystals covering a quarter of a 
square inch. Even in the hydration of concrete, it is quite 
possible to observe, after a period of six months, crystals plainly 
visible to the eye. Moreover, under small magnification par- 
ticles may appear colloidal, whereas under larger magnification 
they are distinctly crystalline. Mr. Beals states, “If the setting 
of cement be a coagulation, then the analogy with other colloids 
would lead to the necessity of the investigation of the effect of 
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comparatively small quantities of impurities, for example: 
loam in sand, sugar, etc.” The effect of small quantities of 
materials on the setting of cement has been investigated by 
Rohland, the German physical chemist. As the result of his 
investigation, he concludes that the setting of cement is a 
catalytic action, the catalyzer being the soda and potash which 
are always present in very small quantities in the cement. 
The effect of these two materials, when present in small 
quantities, has been known for sometime, it having been shown 
that 0.10 per cent of carbonate of soda will in some cases make 
a cement have a flash set which ordinarily would set in several 
hours. The observations of Rohland are interesting but are 
not sufficiently extensive to be generally accepted, any more 
so than should the hydration of cement be considered entirely 
a matter of colloids. 

More should be known in regard to the constitution of 
cement. If we knew what it is, we would be better able to say 
what happens when water is added to it. It would seem that 
the Germans have come to this conclusion also, for at the last 
meeting of the German Cement Manufacturers’ Association, the 
papers which caused most discussion were those that related to 
the question, ‘‘What is cement?” These German papers are 
particularly interesting, and are well illustrated with sections 
of cement clinker. These illustrations in every case show very 
large crystals, and no material which can be considered a colloid. 

Mr. R. W. Lestey.—Referring to what Mr. Bates has 
just stated as to potash and soda, Henry Reed, probably the 
first English authority on Portland cement, described in one of 
his earliest books the use of either potash or soda in cement 
slurry. The material was added in a machine used to make the 
bricks that went into the kiln. It was certainly used and 
regarded as a very practical thing by the cement manufacturers. 

Mr. W. K. Hatt.—There is a curious analogy between 
the behavior of wood and of concrete. We are told that wood 
and cement each has a colloidal element. Now wood and con- 
crete are subject to continued deformation under long-time loads. 
Wood and concrete are also affected in strength by a change of 
temperature. Wood is hydroscopic. I do not know whether 
concrete is. All these three properties distinguish colloids. 


Mr. Bates. 


Mr. Lesley. 


Mr. Hatt. 
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RESULTS OBTAINED WITH THE AUTOCLAVE TESTS 
FOR CEMENT. 


By H. J. Force. 


The object of this paper is to give the results of tests on 
various brands of cement, some of which failed to pass and 
others of which passed the autoclave test. 

The autoclave is shown in Fig. 1. The apparatus for making 
expansion bars and taking measurements is shown in Fig. 2. 
With these instruments it is possible to measure to 0.001 in., 
which gives very satisfactory results. 

The autoclave test is made as follows: Three neat briquettes 
are made up, using water which gives a normal consistency on 
the Vicat needle of from 7 to 10 mm. The briquettes are kept 
in the damp closet for 24 hours, at the expiration of which time 
they are removed from the molds and placed in the autoclave. 
Sufficient water is added to partly or wholly cover the briquettes, 
and the instrument closed. The burners are of sufficient size 
to raise the pressure to 295 lb. in not more than one hour, and 
this pressure is maintained for one hour longer or a total time of 
two hours. The pressure is then gradually released, the bri- 
quettes are taken out and placed in the moist closet for one hour. 
They are then broken in the standard cement testing machine 
in the usual manner. The results from the various mills are the 
average of three briquettes. 

A 1 by 6-in. expansion bar is made up with the briquettes 
and at the end of 24 hours is measured and placed in the auto- 
clave. The bar is removed with the briquettes at the end of 
the two-hour test. The final measurement is made after the bar 
has remained in the moist closet for one hour. 

Tables I to V show the results of all tests on the cements 
from mills Nos. 1 to 5, respectively. For purposes of comparison, 
there are shown in Table VI the averages of the results of all 
tests from each mill. 

It will be noted that each shipment from mill No. 2 shows a 
large increase in tensile strength in the autoclave test and with 
(740) 
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one or two exceptions the expansions are all very low. The 
chemical composition of the cement from this mill is about 
normal. The tensile strengths for the sands on the 7 and 28- 
day and the 3 and 6-month tests, are all excellent. 

Mill No. 1 shows, perhaps, the most uniform results of any 
of the five mills. This is the first mill in the United States to 
attempt the manufacture of autoclave cement and is the plant 


Fic. 1.—Autoclave. 


at which many of the early experiments were conducted. From 
the day that they started to make shipments of autoclave cement 
up to the present time there has not been one single cause for 
rejection, and this is indeed a most remarkable showing. Mill 
No. 1, like No. 2, shows a continual increase in the tensile 
strength up to six months. 

Mills Nos. 4 and 5 also show a wide variation, some of the 
shipments passing the test, others failing; some showing little 
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expansion, others showing considerable expansion. The results 
of the 7 and 28-day and the 3 and 6-month tests are lower in 
this case than in either mill No. 1 or No 2. 

One of the western manufacturers, located in California, 
has given me his results, which are shown in Table VII. 
These, I believe, were obtained at the mill laboratory and it is 
to be noted that the results of this mill compare very favorably 
with those of mills Nos. 1 and 2, the tensile strengths of the 
sand briquettes for 28 days being very close to those of mills 
No. 1 and 2. They are however, a trifle lower, due perhaps 
to the method of making up the briquettes. The method which 


is being used in the laboratory of the Delaware, Lackawanna 
and Western Railroad Co. is one of tamping. About 9 per cent 
of water is usually used and the briquettes are then well tamped 
in the molds by placing an iron die thereon and striking it 
several times with a wooden mallet. This gives higher results 
on the 7 and 28-day tests, but when the briquettes are very 
firmly packed in with the thumbs there appears to be very 
little difference in the long-time tests, except possibly that more 
uniform results are obtained by tamping. 

To all large users of cement, the figures from the various 
mills are certain to be interesting. The question naturally 
arises as to why a cement which passes the ordinary boiling test 
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in many cases, from some of the mills, shows a great decrease 
in tensile strength or goes entirely to pieces in the autoclave 


test. 


TABLE I.—RESULTS OF TESTS ON CEMENT FROM MILL No. 1. 


In this connection I beg to refer to a paper bearing on 
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465 0.11} 475 | 501 | 478} 490 | 0.94 
468 0.23 | 447 | 514 | 439! 1.34 
465 0.15) 345 | 441) 463) ...| 1.25 
440 0.10} 460 | 471 | 450 
467 0.10) 417 | 536) 513) ... | 1.05 
465 0.10) 449) 562) ...) ...|0.96 
428 0.24) 405 | 494) 455/ ...| 1.10 
ee 432 0.04) 456] 438/412) ...| 1.43 
436 0.15) 416] 455 | 448) ... | 1.23 
410 0.15} 370} 452 | 398) ... | 0.98 
437 0.12] 490) ... | 0.60 
435 0.25 | 357 | 465 . | 0.48 
340 0.15} 415 | 474| 488 | 0.45 
450 0.09} 377 | 417) 452) ...| .... 
456 0.10} 435} 482) ... | 1.02 
432 0.13} 392] 448) 451) ...| .... 
438 0.11) 447 | 461) . 
445 0.10} 414] 423) . 1.20 
442 0.15] 383] 410) . 1.30 
465 0.08 | 426] 466) . 1.12] 20.88 11.52 | 61.70} 2.86} 1.58 
456 0.08 | 440| 468 | 495) . 0.58} 20.86 11.60 | 62.00)3.03/ 1.64 
375 0.12] 386] 427| ... 0.66} 20.86 9.70 | 64.18|2.51)1.74 
Average} 416 0.13 | 393 | 450 | 475 | 463) 1.10) 21.11 10.79 | 62.40/ 2.94) 1.56 
450 | 468 | 453 


~~ Nore:—The values in bold-face type did not appear in the paper as originally presented.—Ep, 
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this subject by Henry S. Spackman, published in the Engineering 
News, July 11, 1912; also to another important paper on the 
Autoclave Boiling Test, by Bernard Enright, Director of the 
Eastern Testing Laboratories, Allentown, Pennsylvania, pub- 
lished in the Engineering News, August 8, 1912. Both of these 
gentlemen have carefully investigated the autoclave test and 
their papers bearing on this question are of much value and 


TABLE II.—RESULTS OF TESTS ON CEMENT FROM MILL No. 2. 


3 > 4 Tensile Strength 
es iz Autoclave Test. of 1:3 Briquettes, | = Chemical Composition. 
$ 4 Ib. per sq. in. 8 
sile Strength, a | 
lee percent. } 
oO Seis. = 
| | 
z |e a lg ~|Alale $ = a | 
356 | 89.32] ..... 0.55 | 440} 543 | 522) 2.00 
35 | 435 29.85 . | 1.50) 355 | 476) 1.56 
435 | 675| 55.17) ..... 0.15} 353 | 375| 458) 451) .... 
| 356| 607| 73.00) ..... 0.10) 316) 455) 418) .... 
6.. 25.00) ..... 0.40 | 323| 426) 445) .... 
437 | 672| 53.80] ..... 0.10) 379) 450| 472| 487) .... 
3.. 412} 25.00} ..... 0.18 | 307| 375| 442) 442) .... 
4.. 362 | 592) 63.54 0.101350) 451| 440); .... 
405 | 580/ 43.21) ..... 0.17| 353 | 446| 511) 442/ 1.98 
480 | 31.25] ..... 0.18 | 333 | 412| 496} 455 | 2.34| 21.18| 2.57) 8.23) 61.35) 2.17/ 1.49 
389 | 722; 80.00) ..... 0.20 | 433 | 417| 508 | 467 | 0.92 
7|641/ 75.00; ..... 0.17} 455 | 505| 503 | 431 | 0.64 
400 | 517} 29.25) ..... 0.30) 425| 517) 516) 473 | 1.12 
25 | 722| 61.00] ..... 0.13 | 432] 549] 571| 458| 0.78 | 
660/ 60.19) ..... 0.25 | 403 | 508} 505) ... 0.98 
25 | 670| 57.64 . |0.59)381| 450) ... 11.23 
691/49 00) ..... 0.18} 471) 454; ... 1.18 | 
405 | 708) 53.90) ..... 0.17} 393 | 423) 455) ...| 1.30 | 
440/620} 40.90) ..... 0.26} 367| 438| 518) ... 
465 | 603) 28.00) ..... 0.22] 357 | 438) 435 0.92 | 
| 428 | 725| 74.58] ..... 0.16) 444/415) ... | 0.55 } | } 
429| 630| 50.00] ..... 0.12} 370) 408/489) ...|... | 
323 | 730/120.00) ..... 0.15 385 | 449 420; ...| 1.40] 21.72 10.50 61.08 3.17) 1.68 
452 634) 40.26)..... 0.12) 345) 1.25} 20.70 9.38 63.14) 3.11) 1.69 
Average! 407 | 631) 54.53|..... 0.27 | 380 | 486 | 463} 1.26) 21.20; 10.23 61.86 | 2.82) 1.62 
378 | 445 | 475 | 458 | | 


Nore:—The values in bold-face type did not appear in the paper as originally presented.—Eb. 


will be worthy of study to those interested in cement of higher 
quality. 

Samples of cement which have failed in the autoclave test, 
when retested again after a period of 30 days, 2 months, 6 months 
and over a year, in most cases pass the autoclave test. In one 
or two cases, samples which were approximately 15 months old 
still continued to show no increase in tensile strength; in a few 
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TABLE III.—REsSuULTs OF TESTS ON CEMENT FROM MILL No. 3. 
3 a Tensile Strength 
s iz Autoclave Test. of 1:3 Briquettes, | +: Chemical Composition. 
Ib. per sq. in. 
|$ == 
|4s ChangeinTen- 
4 ola .| sile Strength, a 
ds 
318| 40 5.58| 332] 382 1.08 
297 | 487 372| 447| ...]...| 1.04 
330| 597 0.25 | 347| 390| 448| 422| .... 
375 | 472 0.53) 
392 | 387 0.41] 326] 350| 432] 482]... 
300 | 305 1.02] 315] 397|...]...].... 
405 | 528 0.31| 346] 408 | 431 | 435 | 1.04 
392| 513 0.10! 352] 457 | 450/410] 1.04 
335 | 205 1.28 | 357|397| 451|...|1.56|21.40| 10.86 | 60.90| 2.88] 1.73 
Average! 349 | 393 1.13 | 338 | 402| 440/ 452/1.15/ 21.40] 10.86 | 60.90| 2.88] 1.73 
402 | 442 | 437 


Nore:—The values in bold-face type did not appear in the paper as originally presented.—Eb. 


TABLE [V.—RESULTS OF TESTS ON CEMENT FROM MILL No. 4. 


Number of Cars Represented. | 


As 
as 
bo @ 
aoe 
56 
2= 
= 
275 
402 
332 
435 
473 
370 
410 
350 
427 
420 
364 
307 
385 
392 
369 
378 
296 
237 
429 
396 


Average) 372 


7 ‘Nors:—The values in bold-face type did not appear in the paper as originally presented.—Eb. 


Tensile Strength 
Autoclave Test. of 1:3 Briquettes, | Chemical Composition. 
Ib. per sq. in. 8 
ChangeinTen- | 
.| sile Strength, | 
per cent. | 
dz 
es} 5 | 8 Sit 2/6 8! 
508 | 84.72}..... 0.20 | 406 | 493 | 535 | 414| 0.88 | 
42.29) 2.77| 373 | 461 | 478 | 469) 1.04 } 
10.54} 1.20] 401} 471 | 0.88 
§55/ 27.58] ..... 0.50 1) 359/475 | 476] .... 
192] ..... 59.40| 1.87] 370| 483/483]... 
60.53|3.68| 342/399] 470| 428) .... 
525| 28.05} ..... 0.31) 373 | 440} 408) 452) .... 
1.42} 0.25) 307 | 412| 406/425) .... 
14.00] 0.70) 328 | 352| 424/493) .... 
93.57| Soft | 408| 402)... 
270} ..... | 26.00] 1.97] 327 | 435) .. 
475| 54.72] ..... | 410/505] .. 
602 | 56.40) ..... .... | 348 | 452 | 544 | 452) 1.16 | 
odin 99.24] Soft | 413 | 443 | 483 | 433] 1.00 
80.00) 3.10} 355 | 390 | 454 | 440} 1.04 
31.50} 1.92) 413 | 461 | 470 1.08 
459|16.00/..... .39 | 390 | 473 1.36 
630 | 87.00) ..... 0.20 | 416 | 492 1.06 
495 | 0.80} 238 | 433 | | 
447'13.01]..... 1.07 | 390 | 453 {1.51 20.82 10.28 | 60.52)3.51 1.72 
345 | 42.54 | 47.13 | 1.31) 367 | 437 10.28 60.52) 3.51) 1.72 
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other cases a decrease in tensile strength was shown, while others 
showed an increase, due to the seasoning process, of over 100 per 
cent. This points very clearly to the fact that these particular 


TABLE V.—RESULTs OF TESTS ON CEMENT FROM MILL No. 5. 


3 a Tensile Strength 
a |g Autoclave Test. of 1:3 Briquettes, | .: Chemical Composition. 
Ib. per sq. in. 
ChangeinTen- 
.|sileStrength, a 
a 
347 | 504 | 45.24) ..... 0.60 | 385 | 466 | 553 | 491) 1.64 
3.....|310] 562) 81.29] ..... 0. 60 | 306 | 362 | 457 | 467] 1.68 
24213 | 0.75 | 251| 407] 425] .... 
365/392) 7.39]..... 1.00 | 345 | 355 | 431) 452] .... 
347} 83]..... 76.36] 4.83 | 248 | 287/312] 450) .... 
233 | 260) 11.50]..... 0.91) 290 | 358 | 416] 430] 
292 | 472| 61.22]..... 0.63 | 312 | 320} 395| 396) .... 
$43 | 267] ..... 29.82] 2.50} 309] 380] 442/486) .... 
275/135) ..... 60.00 | 0.40 | 281] 370} 407) 430) .... 
195 | 410/110.00) ..... 0.86 | 328 | 385 | 430] 446] .... 
270} 62)..... 96.55 | 2.82] 248) 355] 395) 455) .... 
4 268 | 350 | 30.70) ..... 1.20} 273 | 373 | 472 | 433] .... 
288} 80]..... 76.60 | 3.12 |305|352 | 417 
5 250 | 337 | 53.00) ..... 0.48 | 273 | 346 | 440 | 429 | 3.28 | 21.68 | 2.61 | 6.95 | 61.08 | 2.92 | 1.26 
193 | 235 | 23.68) ..... 1.50] 312 | 402 | 483 | 480) 1.68 
_ 340 | 435 | 28.00) ..... 0.48 | 339] 398 | 438 | 439 | 1.28 
272| Soft] Soft |..... Soft | 352 | 415 | 550 | 488 | 1.80 
8 285| 142]}..... 50.00 | 1.70] 309 | 372 | 472 | 466 | 1.88 | 21.68] 2.65] 6.83 | 62.19] 3.16) 1.34 
370} 565 | 53.00) ..... 0.23 | 347 | 477 . | 2.32] 21.80 | 2.65 | 6.59 | 61.39] 3.47 | 1.42 
340 |Soft ..... Soft | Soft | 372 | 433 | 504 | 496 | 1.80 
19 378 |Soft|..... Soft | Soft | 301) 371) 532 | 458) 1.80 
371 |Soft}..... Soft | Soft | 317 | 382] 509 | 406 | 1.60 
ee 365] 25)..... 90.41 | 3.44 | 328 | 345 | 453 | 433 | 1.92 
Pre 360} 10]..... 97 .00 | 4.00 | 308 | 363 | 468 | 438 | 1.84 
275 |Soft|..... Soft | Soft | 388} 438 | 410 | 376 | 1.92 
352 |Soft|..... Soft | Soft | 307 | 435 | 456 | 434 | 1.60 
385 | 25.90] ..... 0.52 | 332 | 441 | 524 | 427 | 2.69 
1 387 | 532 | 37.20] ..... 0.43 | 355 | 334 . | 2.63 
342 | 500| 46.15) ..... 0.30) 382 | 424 - | 2.70 
372) O4)..... 80.00 | 5.40 | 430 | 490 | 430 12.28 
299} 70}..... 76.60 | 5.00 | 413 | 445 | 484 | 2.18 
358 | 143] ..... 44.57|3.23 | 332] 390 12.10 
261 | 462| 80.00} ..... 0.52 | 258 | 380 | 2.50 
261 | 374 | 33.00) ..... 0.70 | 233 | 412 | 436 11.93 
6.....|216] 75|..... 65.30] N° | 217] 457] 495] 1.75 
1 309 | 494| 59.80) ..... 0.06 . | 2.39 
282 | 410| 45.30) ..... 0.81) 311} 395 | 413 - | 1.94 
387 | 403} 11.10) ..... 0.68 | 327 | 390 12.77 
2 .| 216 | 440 | 137.00) ..... 0.48 | 361} 410} 460) ... | 2.06 
3 293 | 47.30) ..... 0.54 | 368} 466) 471) 1.70 
1.....| 308 | 40.26] ..... 0.36 | 310 | 426 | 427 | 2.02 
ace: 407 | 325] ..... 25.23 | 2.24 | 370| 385 | 338 2.66 | 20.10 10.34 60.42 | 3.44) 1.88 
310 314 | 49.06 | 66.80 | 1.52 | 392 2.07 | 21.31 9.66 | 61.27) 3.25) 1.47 


; Norz:—The values in bold-face type did not appear in the paper as originally presented.—Ep. 


samples were not properly manufactured, for with certain mills 
any cement which has not passed the autoclave on the first 
test, has in practically every case passed the test after the 
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cement is held for a period of time. Fig. 3 shows results on 
samples which have passed and samples which have failed on 
the autoclave test. All of these specimens passed the regular 
boiling test. 

Further investigation as to why some of these cements 
fail to: pass this test after a period of time shows that the raw 
material was more coarsely ground than in other samples which 
did pass the test after seasoning. The grinding of the raw 
material and the proper burning plays a most important part in 
the quality of Portland cement; and the author believes that the 
failure of cement to pass the autoclave test is due very largely 


TABLE VI.—AVERAGE OF RESULTS OF TESTS FROM MILLS Nos. 1 To 5. 


| 
ix Tensile Strength 
2 Autoclave Test. of 1:3 Briquettes, | Chemical Composition. 
A Ib. per sq. in. 8 
Mill | sile Strength, 
No. te per cent. | 
n 
ee 12 la 
416 | 57.71) ..... 0.13 | 393 | 450 | 475 | 4631 1.10) 21.11 10.79 | 62.40| 2.94) 1.56 
450 | 468 | 453 
407 | 631] 54.53) ..... 0.27 | 380 [447 | 486 | 463 | 1.26 | 21.20 10.23 | 61.86 | 2.82) 1.62 
| 378 | 445 | 475 | 458 
| 349 | 393 | 38.96 | 39.15 1.13 338 | 402) 452|1.15 21.40 10.86 | 60.90) 2.88) 1.73 
|402| 442 | 437| 
42.54 | 47.13 1.31) 367 437 | 468 1.10 | 20.82 10.28 | 60.52|)3.51/ 1.72 
| 
| 310) 314 49.06) 66.80 | 1.52 320 | 392 | 453 | 447 | 2.07 | 21 31| 9.66 | 61.27) 3.25) 1.47 
448/437; 


Nore:—The values in bold-face type did not appear in the paper as originally presented.—Ep. 


to the coarser granules which do not become hydrated when 
the cement is set up and that the failure of these granules to 
become fully hydrated is due to their chemical composition. 
That is, the granules are composed largely of dicalcium silicate 
(2CaO:SiOz), with a smaller proportion of tricalcium silicate 
(3CaO:SiOz). Granules of this composition fail to properly 
hydrate in the period of 24 hours and consequently, when brought 
in contact with heat and pressure, together with moisture, 
slaking of the dicalcium silicate is quickly brought about with 
the result that a large percentage of expansion occurs, together 
with a proportionate decrease in tensile strength. On the other 
hand, if the proportion of tricalcium silicate is largely in excess 
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of the dicalcium silicate, then we may expect a more stable 
product and one which will show considerably less expansion 
under the autoclave test and which should remain constant in 
volume in after years. 

In order to produce a large excess of tricalcium silicate two 
things are necessary; the raw material must be more finely 
ground and the cement must be burned at a higher temperature. 
It will be noted that most of the cement in mill No. 2, as well as 


TABLE VII.—RESULTs oF TESTS OF CEMENT FROM A WESTERN MILL, 


Fineness; per cent passing Tensile Strength, 


Tensile Strength, Neat. 


even | 1:3 Ottawa Sand, 
: | lb. per sq. in. 
| 
| utoclave 
No. 80, | No. 100. | No. 200. | | Increase, | | 08 days, 
persq.in.| | 
98.6 95.1 83.8 363.6 | 576.7 | 58.6 | 289.2 | 381.4 
98.6 95.1 83.8 197.5 | 505.0 | 155.7 | ..... race 
98.4 94.6 84.8 | 397.5 | 515.0 29:6 | 316.2 | 379.0 
98.6 | 95.0 | 84.0 | 418.0 | 781.0 | 86.8 | 
98.6 | 94.7 | 83.7 | 333.5 | 554.5 | 66.2 341.2 | 424:8 
98.6 | 04.7 | 83.7 | 340.0 | 717.5 | 111.0 | 
98.6 94.7 83.7 | 241.0 
98.6 | 94.7 | 83.7 | 353.5 556.5 
98.6 | 94.7 | 83.7 343.0 658.5 | 92.0 | °..:: eee: 
98.6 | 94.7 | 83.7 | 278.0 | | 
98.5 | 94.8 | 84.0 | 364.5 632.5 73.3 348.8 | 403.0 
98.5 | 94.8 | 84.0 | 350.0 624.0 et jacus es 
98.5 | 94.8 | 84.0 | 242.0 610.0 
98.5 | 94.7 | 83.9 | 332.5 587.5 76.7 333.6 393.2 
98.5 | 94.7 83.9 | 377.0 716.0 
98.5 | 94.7 | 83.9 | 274.0 | 657.5 
98.5 | 94.6 | 83.2 | 350.0 467.5 33.6 338.4 410.2 
98.5 94.6 83.2 | 361.5 666.0 
98.5 | 94.6 | 83.2 | 310.0 
98.5 | 94.8 | 83.2 | 379.0 463.5 22.3 | 304.8 409-0 
98.5 | 94.8 83.2 406.0 
98.5 | 94.8 | 83.2 367.0 
98.6 | 94.8 84.1 331.5 423.5 | 27.7 353.0 413.4 
98.6 | 94.8 | 84.1 388.5 667.5 | (71.8 | | 
98.6 | 94.8 | 84.1 | 351.5 | 625.0 Eee eee 
98.5 | 94.8 | 83.8 | 376.5 | 512.0 36.0 | 327.0 | 406.8 


in mill No. 1, shows very little expansion and a comparatively 
low loss on ignition. It is also known that in both mills Nos. 1 
and 2, the raw material was very finely ground. In some of 
the other mills, for example, Nos. 3 and 4, while the burning was 
good, the raw materials were not so finely ground; in mill 
No. 5, there was not only fairly coarse grinding of the raw 
material, but there was also a much higher loss on ignition. 
From the report of mill No. 5, it is evident that the cement from 
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this mill could not be as constant in volume as that from mills 
Nos. 1 and 2. 

In order to manufacture a cement which will pass the auto- 
clave test it is necessary to grind the raw material very much 
finer than is customary and to have the clinker well burned. 
The manufacturer, however, can greatly increase the output 
of his mill by grinding his raw material coarser and burning his 
clinker not quite so hard. This produces a cement which con- 
tains a very large percentage of dicalcium silicate, which may 


Fic. 3.—Samples from the Autoclave Test. 


not be constant in volume, and which would more than likely 
fail to pass the autoclave boiling test. This cement would 
probably require seasoning in order to make it pass the regular 
boiling test. 

Briquettes for tensile strength from the various mills have 
been made up on most of the samples shown, to one year. It 
is to be expected that the results on cement for long-time tests 
will be equally as high, if not higher, than on the standard 
specification cements. On the long-time tests for expansion, 
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very little difference or variation has been noted to date. A 
number of expansion bars have been kept under observation 
and measured at frequent intervals. It is believed that some 
time must elapse before any difference will be noted in these 
bars. 

A large number of cylinders and cubes have been made up 
for compression tests. The results to date indicate that higher 
compressive strengths are being obtained, as a rule, on autoclave 
cement. A large number of 2-in. cubes of the various brands 
have been made up for compression tests, to be made during a 
period of from one to five years. The number tested to date 
is not sufficient to draw any definite conclusions, except as 
stated above, that in many cases the autoclave cements show 
higher strength in compression. The results obtained on auto- 
clave cements are more uniform than on cements which do not 
meet the autoclave requirements. 

I trust that I shall be able to render the Society a report 
next year on these cements, both as to tensile and compressive 
strength. 
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DISCUSSION. 


Mr. R. J. Wic.—Detailed analysis of the data presented Mr. Wig. 


in this paper shows that the results obtained with the so-called 
autoclave test are dependent upon certain properties of the 
cement; but it does not show that the test develops any prop- 
erties which are called into play in service, nor that it identifies 
a material which service has found to give satisfaction. 

The results given in Mr. Force’s paper are of much interest 
in connection with the advocation of a high-pressure steam or 
so-called “autoclave” test as a requirement of the standard 
specification for cement. 

While the Bureau of Standards, and previously the Geo- 
logical Survey, had considered the value of high-pressure steam 
as a means of curing or hardening concrete products and realized 
that there was a difference in the behavior of various cements 
subjected to steam, no study of this behavior was undertaken 
until about eighteen months ago. 

Referring to available data on the steam or boiling test 
we find, in the report on Problem 32 on the accelerated tests 
of the constancy of volume of cements, presented at the Brus- 
sels Congress of the International Association for Testing Mate- 
rials, 1906, the following statement: 


“A meeting of the committee held at Brussels, January 26, 1903, 
attended by representatives from England, Belgium, Denmark, France, 
and Holland, decided that some form of hot test should be adopted as a 
standard accelerated test for the constancy of volume of cement.” 


After conducting a series of tests this committee decided that: 


“The ordinary cold-water pat test at 28 days is not capabie of detecting 
with certainty a cement known to be unsound and that it fails completely 
to detect a cement of doubtful soundness.” 


Quoting from the report of the committee at the Copen- 
hagen Congress in 1909, we find the following: 
“It is also clear that tests at 15° C. and 50° C. do not suffice to detect 
a doubtful or unsound cement with certainty, but that when the test is 
(751) 
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carried out at 100° C. as originally prescribed by Le Chatelier, it is easy 
to detect even a doubtful cement, whereas a sound cement withstands the 
test perfectly, expanding to the extent of only a few millimeters.” 


Again, a little further along in the committee report the 
following statement is made: 


“Without exception the cold pat test at 28 days was inadequate to 
detect with certainty doubtful samples or even samples thoroughly sound. 
The tests at 50° C. sufficed to detect doubtful samples. The only perfectly 
reliable tests were those at 100° C.” 


And as a concluding remark the committee reports that: 


“The question of the constancy of volume of cements has now been 
advanced to a point where a definite conclusion can be stated. The experi- 
ments carried out under the auspices of Committee 32 showed that an 
accelerated test at a high temperature could be fulfilled without difficulty 
by modern cements carefully manufactured and of high quality. It also 
showed that cements of doubtful quality were not easily distinguished from 
those which were free from all defect except by a high temperature test. All 
cold-water tests and hot tests which were simply qualitative were found to 
be inadequate. Nothing which has occurred since the date of the com- 
mittee’s report has tended to invalidate this conclusion, but a good deal 
has happened to confirm it.” 


Referring to the report of M. E. Deval at the Copenhagen 
Congress, 1909, in which he carried on a number of experiments 
to determine the effect of hot water, we find the following: 


“To sum up, we may say, that although it does not appear possible 
from the strength point of view to found upon the hot-water test a method 
for the rapid testing of cements, the hot-water treatment nevertheless yields 
valuable information in enabling the presence of expansive ingredients to 
be detected.” 


The conclusion of Prof. F. Schule, of Zurich, as de- 
livered at the New York Congress in 1912, was that: 


“The accelerated boiling test at 100° C. supplies us with a reliable 
means of eliminating doubtful cements.” 


As is observed, these opinions are unanimous in the con- 
clusion that the hot test at 100° C. is of value in detecting a 
poorly balanced cement and should be included in a specification. 
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The German Association is opposed to any form of boiling test Mr. Wig. 


as stated in the paper presented by Professor Gary at the New 
York Congress of 1912. A rather comprehensive series of tests 
conducted in collaboration with the Royal-Mechanico-Technical 
Laboratory at Charlottenburg showed that cements which 
failed under the hot tests were found perfectly satisfactory when 
used in the manufacture of concrete products and exposed to 
the weather for ten or twelve years. They showed no extraor- 
dinary change in volume as would be evidenced by cracking 
or warping. 

None of these many opinions are supported by positive 
data showing that the hot test truly brings about an acceler- 
ation of the normal hardening process, nor that such is not the 
case. 

The claim is made that there is no analogy between the 
exposure of a cement in the autoclave and ordinary exposure 
in construction work, and therefore the test should be rejected. 

A test may be made for one of two purposes, either to 
identify a material which experience has determined would 
give satisfaction in service, or to determine the value of some 
specific property which is to be called into play in service. The 
specific gravity, fineness and chemical tests are strictly iden- 
tification tests and do not furnish any information on the prop- 
erties of cement which are called into play in service. Also 
our tensile strength, time of setting and soundness tests only 
indirectly furnish information concerning the useful properties, 
and may be considered in main simply identification or con- 
trol tests, made for the purpose of identifying a material which 
service has shown to be satisfactory. 

It is doubtful if there are any who question but that the 
present steam test conduces to a more uniform product by 
requiring closer mill control, and there are few even among the 
manufacturers who would advocate the elimination of this test. 

It is a question as to whether there is any analogy between 
the present steam test and the proposed autoclave test, and if 
there be such analogy, as to how far removed it is from the 
present test. Are the compounds formed at 100° C. entirely 
different from those formed at 215° C. (20 atmospheres pres- 
sure)? If so, where are the critical points, or inversion tem- 
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peratures at which the changes take place? Is the behavior 
of a cement in the autoclave dependent upon the care used 
in manufacturing the product, as controlled by the proper pro- 
portioning and mixing of the raw materials and the burning 
or subsequent seasoning, which we all recognize as elements 
conducive to a uniform and satisfactory structural product? 
If this is the case the test is a good one as a control or identi- 
fication test, regardless of the compounds which may be formed 
in the presence of the steam. If such is not the case, however, 
and the reactions are not dependent upon factors which we 
recognize as giving a uniform and satisfactory structural prod- 
uct, the test is useless even as an identification test and should 
be discarded. 

The economic features of the adoption of such a test should 
not be overlooked, for while it may be that a test will produce 
what might be called a “pure” product, its value as a structural 
material as indicated by its cementing value may not warrant 
the greater expense, and a test of less severity may insure the 
“good enough” or satisfactory product which should be our 
ultimate aim. 

An analysis of available data indicates that the present 
atmospheric steam test is a valuable control test, and that up 
to 100° C. the efficiency of the control is proportional to the 
temperature of the test. 

The following tests have been made by the Bureau of 
Standards: 


1. SoUNDNESS TEsTs. 


In order to ascertain just what proportion of the cements 
as at present manufactured were sound in high-pressure steam, 
all routine samples received in the laboratory were subjected 
to a high-pressure steam test. The results are shown in Table I. 
As the amount of cement that could be spared from the routine 
sample for this test was necessarily small, the standard sound- 
ness pat was used as a test piece in place of the briquettes. A 
sample was said to pass the test when the pat remained sound 
after being subjected to a steam pressure of 300 lb. for 1 hour, 
the total time in the autoclave being 3 hours. 
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TABLE I.—RESULTS OF TESTS IN HIGH-PRESSURE STEAM. 


PorTLAND CEMENT. 


No. of Samples | Samples Brands Brands Brands sound at one 
Samples Sound. Unsound. | Sound. | Unsound. time and unsound at 
Tested. other times. 

1093 | 773 320 42 23 170 


Wuire PortLaNnp AND Natura ‘‘ CEMENTS. 


190 172 18 6 2 2a 


a These brands are included in other two columns. 


2. LINEAR EXPANSION OF PORTLAND CEMENT. 


The purpose of this test was to ascertain the compara- 
tive linear expansion of cements which were sound and unsound 
in high-pressure steam. 

The test pieces, which were 1 by 1 by 13-in. neat cement 
prisms, were stored in air, stored in water, and treated in high- 
pressure steam, and the linear change of test pieces under each 
condition was studied. The amount of expansion was found 
by means of a mounted micrometer screw which read to ten- 
thousandths of an inch, and the expansion is expressed in per- 
centage of the original length, 13 in. 

In these tests, a cement was said to have passed the high- 
pressure steam test when in the form of a standard soundness 


TABLE II.—RESULTS OF TESTS OF LINEAR EXPANSION OF 
PORTLAND CEMENTS. 


| Average Percentage of Increase in Terms of Original Length (13 1n.). 


No. of 


Type Stored in Air. Stored in Water. Treated in Steam. 
Samples of 
Con- | Cement. Age in Months. Age in Months. Pressure, lb. 
sidered. 
1 to 2. 6 or over. 1 to 2. 6 or over. 100. 180-300. 
22 2 | —0.305 
6 | 2 | —0.17 
5 2 } +0.16 
3 2 | +0.08 
4 2 —0.27 +0.15 +3.5 
2 3 —0.32 +0.165 +0.14 
3 3 —0.19 
2 3 +0.155 
10 3 +0.135 
1 3 +0.06 cee 


; 
a 
eS Mr. Wig. 
| 
: 
5 
j 
— = — 
| 
' 


756 


Discussion ON AUTOCLAVE TESTS FOR CEMENT. 


Mr. Wig. pat it remained sound when subjected to 300 lb. steam pres- 
sure for 1 hour, total time in the autoclave 3 hours. 


Cements 


passing the 212° F. steam test but failing in the high-pressure 
steam test were called type 2 cements, while cements passing 


both tests successfully are reported as type 3 cements. 


The 


results are reported in Table II. 
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1.—Diagram showing Relative Linear Expansion 
of Cements “Sound” and “‘Unsound”’ in the 
Autoclave Test. 


The comparison of the expansion or contraction of cement 
in air, water and high-pressure steam is shown diagrammat- 
ically in Figs. 1 and 2.! 

Effect of Variation in Steam Pressure on Linear Expansion.— 
Linear expansion test pieces of seven cements were made, 
stored in damp room for 24 hours, were then subjected to 100 lb. 


1 Acknowledgment is made to the Engineering Record for the use of the cuts of Figs. 1 
and 2 of this discussion.—Eb. 
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steam pressure for at least 5 hours, and the linear expansion Mr. Wig. 


determined. These same test pieces were then subjected to 
180 lb. for at least 5 hours, and in some cases to 275 lb. for 5 
hours, and the linear expansion determined. ‘The results of 
these experiments show that the linear expansion at 100 lb. 
steam pressure is less than that at the higher pressures (180 
to 275 lb.) by an average of 0.02 per cent. 
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Fic. 2.—Linear Expansion in Air and Water of 
Cements “Sound” and ‘“Unsound” in the 
Autoclave Test. 


Expansion or Contraction Subsequent to Treatment in High- 
Pressure Steam.—Several of the expansion test pieces were placed 
in air and some in water after they had been treated in high-pres- 
sure steam (180 lb. for 5 hours) and the linear change was found 
at various intervals. Results of these tests show that after stor- 
ing a month in air, subsequent to treatment in high-pressure 
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steam, the average change is less than 0.01 per cent, while 6 
months after the steam treatment the test piece has changed 
an average of less than 0.05 per cent. In water less than one 
month after steam treatment, the average change in length is 
less than 0.03 per cent. 


3. LINEAR EXPANSION OF PORTLAND-CEMENT MORTARS. 


To one cement failing in the high-pressure steam test 
(type 2 cement), an equal part of standard Ottawa sand was 
added and the linear expansion after subjection to high-pres- 
sure steam (180 lb. for 5 hours) was determined. A similar 
test piece of a 1:2 mixture of cement and sand was made, treated 
and tested as above. It was found that the linear expansion 
of the 1:1 mortar was 96 per cent of that of the neat cement, 
and the 1:2 mortar was 69 per cent of that of the neat. All 
test pieces received the same steam treatment. 


4. EFFECT OF FINENESS ON SOUNDNESS OF CEMENTS. 


A cement passing the standard fineness and soundness 
tests but showing unsoundness in the form of a pat in the auto- 
clave at 300 lb. for 1 hour, total time in the autoclave 3 hours, 
was separated into that passing the 200-mesh sieve and that 
retained on the 200-mesh sieve. 

Each kind was made into a neat cement pat and subjected 
to 300 lb. steam pressure for 1 hour, total time in the autoclave 3 
hours. The pat made of cement retained on the 200-mesh 
sieve completely disintegrated, but the pat made of cement 
passing the 200-mesh‘sieve showed no signs of disintegrating, 
cracking or warping. 

A mixture of 1 part cement passing the 200-mesh sieve 
with 1 part retained on the 200-mesh sieve, when made into 
a pat and treated in steam at 300 lb. for 1 hour, total time in the 
autoclave 3 hours, completely disintegrated. A mixture of 1 
part cement retained on the 200-mesh sieve with 2 parts cement 
passing the 200-mesh sieve also disintegrated, but in this case 
the disintegration was not so marked or complete. 

Many of the samples reported as sound in high-pressure 
steam under ‘Routine Soundness Tests” were relatively coarse 
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cements; that is, only 76 to 80 per cent passing the 200-mesh Mr. Wig. 


sieve. 

One cement having 79 per cent passing the 100-mesh sieve, 
and 61 per cent passing the 200-mesh sieve, was sound in high- 
pressure steam. 

The coarse material retained on a 200-mesh sieve was re- 
moved from a cement which was sound and showed the 25-per- 
cent increase in tensile strength after exposure to high-pressure 
steam. It was tested and found to entirely disintegrate in the 
form of a pat in high-pressure steam. 


5. Errect oF AGE ON SOUNDNESS OF CEMENTS THAT ORIGI- 
NALLY FAILED IN HIGH-PRESSURE STEAM. 


About 30 samples of cements, all sound in the standard 
steam test but unsound when subjected in the form of a pat 
to 300 Ib. steam pressure for 1 hour, total time in the autoclave 
3 hours, were stored in air-tight glass jars and retested in high- 
pressure steam at various intervals. The results of these tests 
indicate that a cement originally unsound in high-pressure steam 
will become sound if permitted to age from 2 to 6 months. 

On most of the above cements a number of pats were made 
up at a time when the cement was unsound in high-pressure 
steam. These pats were stored and tested at subsequent inter- 
vals in high-pressure steam. In all cases these pats when sub- 
jected to high-pressure steam disintegrated as in the original 
test. This indicates that after hydration, age has little effect 
on the soundness of cement in high-pressure steam. 


6. EFFECT OF VARIOUS STEAM PRESSURES ON THE HARDEN- 
ING OF CEMENT MorTARS. 


A study of the effect of the various steam pressures on 
cements passing the standard steam test is shown in Table III. 
This table includes results of tests of steam-treated specimens 
when 2 days old (just after removal from the autoclave) and 
similar results of tests when the steam-treated specimens are 
28 days old. The results show that after the steam pressure 
has been raised to 100 Ib. there is practically no increase in either 
compressive or tensile strength from 48-hour to 28-day tests. 
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Mr. Wig. The maximum tensile strength appears to have been attained 
with 140 Ib. steam pressure. 
strength had not been reached at 180 lb. steam pressure. 


The 


maximum compressive 


TABLE III.—EFrrect oF VARIOUS STEAM PRESSURES ON TENSILE AND 
COMPRESSIVE STRENGTH OF 1:3 PORTLAND-CEMENT STANDARD 
OTTAWA-SAND MortTAr. 


Tensile Compressive 
Strength, Strength, 
Steam Ib. per sq. in. | Ib. per sq. in. 
Cement.| Pressure, Remarks. 
\lb. per sq. in. Age. Age. 
48 hr. |28days.|} 48 hr. |28 days. 
A 10 | 118 261 All subjected to steam at stated 
pressures for 5 hr. unless other- 
A 20 117 218 BOOS | 3502 wise noted. Both cements ‘‘A” 
A 40 | 115 190 | 1176 | 2262 and ‘‘B” passed the standard 
| soundness test. 
( | 5 5 5 
A aa | 151 215 1750 | 2285 All test pieces placed in boiler 
A 80 195 260 1890 | 2178 after 24 hr. in damp room. 
A 100 294 315 | 2397 | 2867 All values are the average of 
three test pieces. 
A 100 | 381 | 366 
A 100 | 5l4e | 425¢ 
A 120 385 358 2485 | 2353 
A 140 410 411 2965 | 2537 
A 160 363 355 2912 | 2327 
A 180 362 288 3198 | 3050 
A 180 3694 256¢ | 3416 | 3079 
A 180 3986 2726 
B 200 245 288 
B 275 2184 193 
B 225 21le 219 


@ Two periods of 5 hr. each. 
b Three periods of 5 hr. each. 


¢ Age 7 days. Under pressure of 100 lb. for 15 hr. 
@ Exposed to 1 period of 5 hr. at 200 lb. pressure, then 1 period of 5 hr. at 275 lb. pressure, 
e Exposed to 5-hr. periods each, at 200, 275 and 225 lb. pressure. 


7. COMPRESSIVE STRENGTH OF PORTLAND-CEMENT CONCRETE. 


Seventeen sets, totaling 765 concrete cylinders 8 in. in 
diameter by 16 in. in length, of 1 part Portland cement, 2 
parts river sand, and 4 parts river gravel mixed to a mushy 
consistency, were made to be tested at various intervals up to 


| 
| 
the 
= 


Discussion ON AUTOCLAVE TESTS FOR CEMENT. 


ten years. In seven of the sets the cements used passed the 
standard 212° F. steam test, and when subjected in the form of 
neat briquettes to 300 lb. steam pressure for 1 hour, total time 
in the autoclave 3 hours, showed an increase in tensile strength 
of at least 25 per cent over the untreated cement of the same 
age. These sets of cylinders are said to contain type 3 cement. 
Six sets contained cements that passed the standard 212° F. steam 
test, but failed to give 25 per cent increase in tensile strength, 
and were unsound in the form of a pat when subjected to 300 Ib. 
steam pressure for 1 hour, total time in the autoclave 3 hours. 
These are designated as type 2 cements. Four sets of cylinders 
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Fic. 3—Compressive Strength of Concretes made with Various Cements. 
1 part Portland Cement, 2 parts River Sand, 4 parts River Gravel. 
Stored in Air and Exposed to Atmospheric Conditions. 


contained cements which failed to pass the standard 212° F. 
steam test. The cements in these cylinders are referred to as 
Seventeen different samples of seven different 
brands of cement are included in this series of tests and in some 


type 1 cements. 


3 
Age inMonths when Tested 


cases there are three types of one brand. 


Fig. 3 shows the results up to the 9-month period in so 
far as the tests have been completed.! All test pieces were stored 


in air, subject to atmospheric conditions. 


1 Acknowledgment is made to the Engineering Record for the use of the tracing from 
which the cut of Fig. 3 was made.—Eb. 
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SUMMARY. 


This summary should be considered as tentative, few of 
the tests extending over more than nine months, and many of 
them being only of a preliminary nature. 

1. Eighty-eight per cent of the brands of a total number 
of 48 brands tested passed the autoclave soundness requirement 
upon some tests, 52 per cent of the brands passed upon all tests, 
and 6 brands failed to pass the autoclave upon all tests. 

2. There is no difference in the linear expansion between 
type 2 and type 3 set cements which are exposed in the atmos- 
phere for a period of six months. 

3. There is no difference in the linear expansion between 
type 2 and type 3 set cements which are immersed in fresh 
water for a period of six months. 

4. The linear expansion of different cements varies from 
0.135 to 4.2 per cent of the original length when exposed to 
steam at pressures between 180 and 300 lb. per sq. in. The 
type 3 cements had an expansion below 0.2 per cent and the 
type 2 cements had an expansion above 2.0 per cent. 

5. The linear expansion of set cements exposed to steam 
increases slightly as the steam pressure increases. (Samples 
tested show an average increase of 0.02 per cent for pressures 
ranging from 100 to 275 |b. per sq. in.). 

6. Set cements show very little change in volume upon stor- 
age in air or water after being subjected to high-pressure steam. 

7. Samples of apparently sound cements and concretes 
have been taken from structures one year or more old, and 
found to disintegrate upon being subjected to high-pressure 
steam. Samples of concrete of poor quality have been taken 
from structures one year or more old, and found to show no 
physical change upon being subjected to high-pressure steam, 
while other samples of concrete of apparently poor quality 
entirely disintegrated. 

8. The expansion of a 1:1 or 1:2 cement-sand mortar made 
with type 2 cement exposed to high-pressure steam shows 
more than 50 per cent of the expansion of the same cement 
neat exposed to high-pressure steam. 

9. Of cements which are normally unsound in the ordinary 
atmospheric steam or autoclave steam test, if the finer size 
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particles are removed, they will be found more sound if tested 
in the same manner as the original cement, and in many cases 
entirely sound. While fineness is not essential to soundness, 
it is the coarser particles of a normally unsound cement which 
cause the expansive action. 

10. A cement originally unsound in the autoclave test 
will usually become sound in from two to six months. 

11. If the cement is hydrated and formed into a test piece 
while it is unsound, it will not become sound upon aging for 
several months, even though the test piece is stored in water. 

12. The maximum tensile strength of sound cement exposed 
to steam appears to be attained at a pressure not exceeding 
150 Ib. per sq. in. 

13. The compressive strength tests of concretes made 
from the three types of cement, No. 1 cement failing to pass 
the standard atmospheric steam test, No. 2 cement passing 


Mr. Wig. 


the standard steam test but not passing the autoclave test, 


and No. 3 cement passing both the standard steam test and 
the autoclave test, show a tendency for type 1 cements to 
develop the least strength and type 3 cements the greatest 


strength, although the range of values is not very great. - 


These results however should be considered somewhat tentative. 


CONCLUSION. 


Sufficient data have not been advanced to justify a con- 
clusion as to the merits of the proposed autoclave test of cement, 
nor to warrant its adoption into a specification; but further 
investigation should be made and due consideration given to 
a hot test of greater severity than the present standard steam 
test. 

‘Mr. H. S. SpackMAN.—Mr. Force’s papef is of great 
importance to all manufacturers and users of Portland cement, 
not because of the discussion it has aroused, as to the value 
of the autoclave test per se, but because it raises the question 
of the value, for predicting behavior in the work, of the tests 
prescribed by our Standard Specifications for Cement for con- 


1 This discussion was prepared for presentation at the annual meeting, and therefore 
without reference to the values distinguished by bold-face type added to Tables I to VI, 
inclusive, by the author of the paper subsequent to its presentation.—Eb. 
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stancy of volume. Mr. Force has referred in his paper to a 
paper published by me in Engineering News, July 11, 1912, 
as explanatory of the reason why certain cements which pass 
the ordinary boiling test should subsequently show loss of 
strength over long-time periods. In connection with this 
discussion, I wish to make clear that the object of that paper 
was to show that there were certain expansive forces latent in 
cement (distinct from the blowing characteristic of over-limed 
or improperly manufactured cement) which the ordinary boil- 
ing test fails to disclose. It is generally recognized that change 
in volume of concrete construction is due to three causes, two 
of which are temporary; that is, change in volume due to tem- 
perature changes, expansion and contraction due to variation in 
the moisture present in the concrete; the third change in volume 
is permanent and is due to the expansion consequent on the 
retarded hydration of the lime compounds in the cement. The 
extent of movement in the first two causes can be predicted and 
taken care of in the design of the structure and causes no loss 
in strength if the structure is free to accommodate itself to them. 
The third is, as yet, an unknown quantity and its value is entirely 
a matter of speculation and is possibly variable with each cement. 
It is not detected, as far as my investigations go, by the ordinary 
test for soundness; and I am disappointed in Mr. Force’s paper, 
as I had hoped that Mr. Force’s further investigations would 
show a definite relation between the ability of the cement to pass 
the autoclave test and its subsequent stability or lack of per- 
manent change of volume when used in the work. In this 
disappointment I feel all manufacturers of Portland cement 
will share, for I am confident that they are equally as desirous 
as are engineers of the formulation or development of a test, 
which will be positive for determining the freedom from dis- 
integration of concretes or mortars made from their product, 
caused by the expansion of a portion of the cement after initial 
hardening. 

I have long been of the opinion that certain internal strains 
may be developed in structures depending for their binding 
effect upon Portland cement, by the expansion of the inter- 
mediate-size particles of cement. In such cases, the dura- 
bility of these structures is dependent on the cohesive force 
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developed exceeding the expansive force due to the retarded Mr. Spackman, 
hydration of the intermediate-size particles. It is to this that 
I attribute the drop often observed when cement is tested over 
long periods under tension. While I fully recognize that under 
actual working conditions, concrete would rarely, if ever, be 
subjected to conditions such as those found in the autoclave 
test, this, to my mind, does not constitute a reason for condemn- 
ing the test, provided it can be shown that there is a relation 
between the effect produced by these abnormal conditions and 
the effect of time under normal conditions; but so far, the pub- 
lished results of tests made with the autoclave, including those 
in Mr. Force’s paper now under discussion, fail to show this 
relation, or that cement passing the proposed test will give 
greater strength over long-time periods. 

Considering Table I of Mr. Force’s paper, in which all 
the cement passed the autoclave test, the average at the 6-month — 
period, though incomplete, due to the fact that a number of the 
tests are not carried to the 6-month period, shows a reduction 
in the tensile strength of 12 Ib. Considering only the tests 
that extend to the 6-month period, we find that the 1:3 sand 
briquettes show at 3 months an average of 462 lb., and at 6 
months an average of 462 lb., or no gain. An analysis of the 
individual breaks, however, shows that out of the eleven tests 
carried to the 6-month period, of all the cements passing the 
autoclave test, five show a retrogression, while six show a gain. 

Considering Table II, we find that while all cement passed 
the autoclave test, the average including the short-time test 
of cement not carried to the 6-month period, shows a retro- 
gression of 23 lb. between the 3 and 6-month periods; and of 
the five tests carried to the 6-month period, three show retro- 
gression, and two show gains. 

Referring to Table III, where out of nine tests, three failed 
to show an increase when tested in the autoclave, the average, 
though incomplete, shows a continued gain in strength up to the 
6-month period, but of the two cements carried to the 6-month 
period, the one showing the largest increase under the autoclave 
shows a loss of 26 lb. and the one showing a decrease of 1.27 
per cent shows an increase of 50 lb. 

The same conditions will be found by an analysis of 
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Table IV. The average of all tests shows a decrease in strength 
under tension at the 6-month period. 

Considering the eight tests which are carried to the 6-month 
period, we find that three showed an increase in strength under 
the autoclave test and five a decrease; that of the three cements 
showing an increase under the autoclave test, one showed a 
marked decrease at 6 months over the 3-month period, amount- 
ing to 121 lb., or over 20 per cent. The other two show gain. 
Of the five tests showing a decrease when tested under the 
autoclave, two show a decrease and three an increase at the 
6-month period; the average of the cements passing the auto- 
clave test at 3 months being 473 lb. and the average of the same 
cements at 6 months being 447 Ib. or a decrease of 26 lb. Of 
the five cements showing a decrease under the autoclave test, 
the average at 3 months is 460 lb., while at 6 months these 
cements showed an average of 457 Ib. or a decrease of 3 lb. 
against 26 lb. 

In Table V the average, which again includes a number of 
results obtained at the 7-day, 28-day and 3-month periods 
which have not been carried to the 6-month period, shows a 
decrease at the 6-month period over the 3-month period for 
average of all the tests. 

Analyzing the test carried to the 6-month period, we find 
seven showing an increase under the autoclave test and three 
a decrease; and that the seven passing the autoclave test show 
an average increase at 6 months over the 3-month test of 3 lb. 
Of the three cements failing to show an increase under the auto- 
clave test, we find a marked increase in strength at the 6-month 
period; the average for the three cements at 3 months being 
387 lb. against 455 Ib. at 6 months, or an average gain of 68 lb. 
for the cement that failed to pass the autoclave test; and it is 
noticeable that the cement which showed the greatest decrease 
in strength under the autoclave test showed the most marked 
increase. 

If we accept that there is any relation between the behav- 
ior of the test piece under standard laboratory conditions and 
the behavior of mortar or concrete made from the same cement 
on the work, the results of the test given by Mr. Force seem to 
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negative his claim, that cement passing the autoclave test will Mr. Spackman. 
give better results in the work than cements failing to do so. 

I do not wish this discussion to be understood as condemn- 
ing the autoclave test, for I believe it may have possibilities and 
shall await with interest further reports by Mr. Force and other 
investigators, which I hope will be coupled with observation 
of the behavior of the cement used on the work; but I frankly 
admit that until such relation is shown, I would not recommend 
the inclusion of the autoclave test in any specification. 

Taking up the explanation given by Mr. Force of the retarded 
hydration of the coarser granules, I should like to know on 
what experimental data, if any, this is based. From my obser- 
vation, any clinker composed largely of dicalcium silicate will 
disintegrate and fall to a fine powder. The dusting clinker 
is also easier to grind, and I would anticipate a much greater 
content of fine flour in a cement made from clinker high in 
dicalcic silicates than from a clinker in which this compound 
is largely absent. It is, however, possible that the dicalcic 
silicate may hydrate with time and be responsible for expansion, 
not by reason of its coarseness of grain, but because it is sparsely, 
if at all, attacked by water at normal temperatures. 

The thought is a new one to me and I shall be glad to hear 
the opinion of others as to the possibility that the retarded hy- 
dration of a portion of the cement is due to the presence of 
dicalcic silicate, even though finely divided, as well as to the 
presence of coarser granules. 

‘Mr. Lewis R. Fercuson.—In confirmation of the remarks Mr. Ferguson. 
of Mr. Spackman, I desire to draw further attention to the 
significance of certain of the figures given in the paper by Mr. 
Force. 

First, taking up the question of the amount of expansion 
which a cement shows in the autoclave: I understand that 
Mr. Force claims that the cement showing the least expan- 
sion in the autoclave would show ultimately the greatest 
strength. Judging from the tests shown in Mr. Force’s paper, 
this conclusion is unwarranted. Of the samples of cement 


1This discussion was prepared for presentation at the annual meeting, and therefore 
without reference to the values distinguished by bold-face type added to Tables I to VI, 
inclusive, by the author of the paper subsequent to its presentation.—Ep. 
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tested from mill No. 1, the ones which show a decrease in 
tensile strength between the 3 and 6-month periods have less 
expansion in the autoclave than the cements which show an 
increase between these periods. 

In the tests from mill No. 2, the sample which gave next 
to the greatest strength at 6 months had an expansion in the 
autoclave of -1.5 per cent, and the sample having the least expan- 
sion, 0.10 per cent, showed the least strength at the age of 6 
months. 

‘In the tests shown from mill No. 3, of the two tests given 
at the 6-month period the one having the greater expansion 
had the greater strength. 

In the tests from mill No. 4, the cement showing next to 
the greatest decrease in the autoclave gave the greatest strength 
at the age of 6 months. 

In the tests from mill No. 5, the cement which gave a 
tensile strength of 450 lb. at 6 months, slightly higher than the 
average, showed an expansion of 4.83 per cent—the greatest 
expansion shown for cements covered by the 6-month period. 

I understand also that Mr. Force claims that in certain 
cements there exist coarser granules which do not become hy- 
drated when the cement sets. These coarser granules are sup- 
posed to cause a lack of constancy of volume in the mortar or 
concrete when they do hydrate. The autoclave is supposed to 
detect the presence of these coarser granules. If such is the 
case, it would be supposed that cements which show a decrease 
in strength in the autoclave would show a decrease in strength 
between certain periods and that a cement which showed in- 
creased strength in the autoclave would show a steady increase 
in strength with age. Taking Mr. Force’s figures from the vari- 
ous mills he has tested, we find that this is not the case. As 
a matter of fact, the averages of the cements which gave an in- 
crease in the autoclave invariably show a retrogression in 
strength between the ages of 3 and 6 months, while the averages 
of the cements which gave a decreased strength in the autoclave 
show a steady increase as far as the tests have been carried, 


with practically no retrogression. These results are shown 
graphically in Fig. 4. 
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Mr. BERNARD Enricut (by Jetler).—It is natural that an 
engineer who is responsible for an important piece of work 
would prefer to use a cement that passes the soundness test 
rather than one that does not. And any additional test which 
he thinks would still further demonstrate the soundness of the 
product, and which it is possible for a properly manufactured 
cement to pass, should naturally also appeal to him; particularly 
if the work is one involving heavy responsibility, as in bridges, 
dams, etc. The autoclave test was evidently advanced with 
this view in mind. 

It is readily possible to manufacture autoclave cement if 
the manufacturer is willing to take the pains and incur the 
somewhat additional expense to doit. While aging of the clinker 
and aging of the cement helps to achieve soundness in the auto- 
clave, there are plants producing autoclave cement from fresh 
clinker and without seasoning the product in the stock house. 
At one plant with which I happen to be familiar, the inspector 
for the consumer, who has placed a large contract for autoclave 
cement, took samples two or three times a week, prior to the 
award of the contract, visiting the plant at all times without 
notification, and taking the samples, not from bins in the stock 
house, but from the stream of fresh cement direct from the 
mills, in order to insure that autoclave cement could be made 
with reasonable regularity. 

The purchaser’s line of tension tests on these samples, on 
1:3 sand mixtures, ranged from 350 to 400 lb. per sq. in. in 
seven days, and around 500 lb. per sq. in. in 28 days. This is 
not exceeded by any cement made any place. 

Compression tests on this autoclave cement 1:3 sand 
mixtures, made in the German standard compression apparatus 
and according to German specifications, have shown as high as 
400 kg. per sq. cm. (equivalent to about 5700 lb. per sq. in.) in 
seven days, and close to 600 kg. per sq. cm. (8500 lb. per sq. in.) 
in 28 days. These are the highest of any cement of which I 
have seen records, emphasizing the superior quality of this 
autoclave cement. German specifications require only 120 kg. 
per sq. cm. (about 1700 lb. per sq. in.) in 7 days, and 250 kg. per 
sq. cm. (about 3550 lb. per sq. in.) in 28 days, on the same 
1:3 sand mixtures. 
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A California plant, which I have recently visited, was 
making autoclave cement the greater part of the time, and about 
ninety per cent of the product from at least one Lehigh Valley 
mill is regularly passing the autoclave test. Other plants in 
this district are shipping on autoclave specifications without any 
difficulty. All of which goes to show that the specification is 
by no means unreasonable or impossible of attainment. 

Mr. R. C. CARPENTER.—I have been much interested in 
the paper by Mr. Force on the results obtained with the auto- 
clave. This paper brings before the engineer another method 
for testing of ‘“‘constancy of volume” which is much more 
severe than any method in common use. 

From the paper, one can group all these different cements 
into classes, one class passing the autoclave test and the other 
not passing it. While the paper presents the results of numerous 
tests made on both classes of cement, it does not, it seems to me, 
fully establish the value of the autoclave for accelerated tests, 
nor does it prove that the cement accepted by the autoclave is 
superior to that which is accepted by the staridard tests now 
in use and rejected by the autoclave. 

I believe it will be found, on investigation of the various 
proposed methods of determining the constancy of volume, 
that the test is not new fundamentally; its novelty lies in the 
type of apparatus employed. The test is especially severe, 
because of the high temperature to which the cement sample 
is subjected, and also because of the form of the specimen. 
The form is one likely to be affected by expansion strains; 
whereas the thin pat employed in the standard tests is largely 
free from expansion due to sudden heating and cooling. 

It is interesting to note that the character of the Portland 
cements on the market, as well as the system of manufacture, 
has radically changed during the last twenty-five years. This 
has been largely due to methods of testing and to specifications. 
The recent cements attain high tensile strength in a very short 
period of time, as compared with the older cements, and recent 
investigations have indicated, in many cases, a tendency for 
many of the cements to. retrograde somewhat in strength 
instead of increase in strength with age. The present specifica- 
tions for Portland cements require, roughly speaking, about 


Mr. Enright. 


Mr. Carpenter. 
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double the tensile strength for the one-day test and for the 
week test as those of twenty-five years ago. The characteristic 
curves, representing the increase of tensile strength with age, 
have changed greatly during the period mentioned. The cement 
of twenty-five years ago had a characteristic strength curve 
which increased at a much less rate during the early periods 
than is the case with the curve of the recent cements; yet at 
the end of one year, the difference in tensile strength of the 
cement of the period of twenty-five years ago, as compared 
with that of the recent cement, is very small. The old cement 
was free from retrogression. It was put on the market com- 
paratively coarsely ground and, in chemical composition, it 
contained considerably less lime than recent cement. Our 
accelerated methods have led to the production of an improved 
cement as compared with the process of twenty-five years ago, 
so far as quick hardening or attaining quick strength is con- 
cerned. The requirements for early hardening may go too far, 
especially when the question of permanence is given con- 
sideration. 

I have called attention to the difference in characteristics 
between the earlier cements and those on the market at the 
present time, in order that consideration may be given the 
question whether we are making an over-estimate of the 
value of steaming tests. I think serious consideration should 
be given as to the desirable requirements for the strength of 
cements at different ages. It is important in my opinion that 
the cement should have permanent value and, if possible, should 
attain its maximum strength after the lapse of considerable 
time rather than during two or three months. At least, it is 
certainly desirable that there be no material retrogression. 

The English, French, and American engineers have adopted 
as the standard requirement in most specifications, a simple 
steaming test for cements. The manufacturers in these countries 
have had no difficulty in producing cement that will meet such 
standard specifications and are very well satisfied, for that 
reason, with the present requirements. I personally believe 
that the standard steaming test is of great value, but I would 
not rely on it solely for accepting or rejecting a cement. The 
German manufacturers, while employing a similar test in their 
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own works, discourage the use of such a test for the purpose Mr. Carpenter. 
of determining the value of the cement sold. The steaming’ 

test has been rejected as part of the German standard specifi- 

cations, for the reason that in many cases it rejects cement 

known to have superior qualities, and in other cases accepts 

cements of inferior value. The long-time cold-water test is 

regarded by the Germans as the only conclusive test of con- 

stancy of volume. 

The autoclave cements will, I am quite certain, be more 
expensive to manufacture than those which do not pass the 
autoclave test. This is indicated by certain statements in the 
paper by Mr. Force, and is also in accord with my knowledge 
of the manufacture of Portland cement. I consider it extremely 
doubtful that cement which passes the autoclave tests has any 
particular value above that which passes the standard specifi- 
cation. At least the paper by Mr. Force does not contain 
evidence to warrant any such conclusion. From many stand- 
points the proposed test is unreasonable; it is a highly arti- 
ficial one, and the conditions which are active during the test 
are never comparable with any which are met with in practice. 

It would seem to me that the adoption of the autoclave 
tests is certain to increase the cost of manufacture and must, 
without doubt, correspondingly increase the cost to all con- 
sumers. If the test does not bring out any desirable qualities 
which are not revealed by the standard tests, it means the 
expenditure of a great amount of money by the public without 
the obtaining of any commensurate results. 

For these reasons, I feel that while the paper by Mr. 
Force is of great value in calling our attention to this sort of 
a test, it is a dangerous test to rely upon. I also feel that in 
adopting new requirements affecting so many interests, we 
should proceed cautiously and make changes only after the 
results of careful and extended investigations. I certainly 
would oppose the general use of the autoclave test in specifica- 
tions for Portland cement, although naturally I would like to 
see extended scientific investigation in the field to which it 
pertains. 

Mr. R. S. GREENMAN.—In studying the paper by Mr. Mr. Greenman, 
Force on the “Results Obtained with the Autoclave Tests for 
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Mr. Greenman. Cement” one cannot help but regret that he has not taken this 


time and place for presenting emphatically and definitely in 
his paper his reasons for urging the autoclave test for cement. 
The results of the tests made or quoted by Mr. Force are hardly 
yet so convincing as to the merit of the test, that one is willing 
to say that the test does or does not prove that a cement which 
will pass a proposed requirement in specifications providing for 
the test, is a better cement for use than one that will not pass 
the requirements. To each person who has to pass upon the 
quality of a cement the question has naturally risen—can we 
secure a better cement by reason of the autoclave test than we 
now secure under our standard specifications? So to satisfy 
one’s self each one has been compelled to study the question 
for himself. 

The writer of this discussion has for nine months been 
conducting series of tests according to the specifications and 
methods suggested by Mr. Force. In his paper Mr. Force 
presents results of tests on six brands of cement. The writer 
has tested in the autoclave twenty brands of Portland cement 
and one puzzolan cement. The results are generally erratic 
and in the opinion of the writer but one safe conclusion can be 
drawn; and that is, that the age of the cement when tested has 
a decided bearing on the result of the test. This point is, I 
believe, generally conceded by practically all who have made 
the autoclave tests. 

Incidentally it may be said that it seems also that the age 
of the test pieces within a few months makes no material differ- 
ence in the result. Now in the “general conditions” of most 
specifications there is a clause which permits the user of the 
cement to hold the cement for a 28-day test. If this 
can be done and there is any doubt as to the early soundness 
of the cement, why incorporate a new, and as yet a somewhat 
problematical, test into one’s specifications? 

It may be that some are taking exception to calling the 
autoclave test a “problematical” test. The writer has made 
a careful study of the results of tests made on 97 samples repre- 
senting 21 brands of cement, and finds that 29 samples failed 
absolutely, 24 samples gave a lower tensile strength after the 
period in the autoclave than the normally kept briquettes did, 
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and while the rest showed an increase in strength, only 28 met Mr. Greenman. 


the proposed requirement that an increase of 25 per cent in 
strength be demanded. In other words, 74 per cent of the cement 
tested failed to meet the latest proposed specifications. Ex- 
cepting one brand of Portland cement and one brand of puz- 
zolan cement, of which one sample only of each was tested, 
no brand of cement tested showed a gain in every test except 
one, and that one brand met the requirement of 25-per-cent in- 
crease but six times out of eight. The puzzolan cement increased 
in the autoclave test to ten times the normal strength. Forty- 
five of the samples failing in the original test were retested at 
a later period and 58 per cent of these then showed a gain, but 
only 27 per cent then made the proposed 25-per-cent increase, 
or of all samples tested 47 per cent only passed this require- 
ment. 

Now the question naturally arises, what is to be gained 
by requiring this test? The benefit of age can be secured by 
holding the cement—now what else? Does the autoclave test 
show that the cement failing to meet the test is not to prove 
as satisfactory in work as the cement which does pass the test? 
To answer this it is important to know just why some lots or 
samples of cement will pass while others fail. The fineness 
of the cement, the degree of burning, and the ratio of the various 
elements have been given as reasons. But an examination of 
all the results of all the tests of the samples tested by the 
writer fail to show consistent and uniform results in the auto- 
clave tests. Just as one thinks he is about to draw a reasonable 
conclusion, a test or series of tests will destroy that conclusion. 
Cements long recognized as standard brands may or may not 
pass the tests; and yet these cements when passing present stan- 
dard specifications have been uniformly consistent in actual 
construction. 

While the writer of this discussion does not want at this 
time to declare himself definitely as to a positive opinion of 
the value of, and need for, the autoclave test, he does wish to 
state that he believes that in proposing this test Mr. Force 
has indirectly stimulated some manufacturers to produce a 
better cement. It has been noted by the writer that in some 
few cases, in trying to produce an “autoclave” cement, some 
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Mr. Greenman. manufacturers have produced cement that has given slightly 


Mr. Bates. 


more uniform results in the standard tests, and a cement which 
the manufacturer can produce any time when he makes the 
special effort—a result which may be secured by a strict enforce- 
ment of standard specifications, better than by a test of uncer- 
tain value and results. No matter whether the autoclave test 
has merits or not, the presentation of the test has produced some 
results for which thanks must be given to Mr. Force by the 
general users of cement. ° 

Mr. P. H. Bates.—A paper presented at the Sixth Con- 
gress of the International Association for Testing Materials 
by J. Bied, on “Various Chemical Phenomena Encountered in 
the Course of Industrial Investigations,” contains the following 
statements: 

““ Any cement that has stood the hot-water test will never absorb water 
when treated with steam at a temperature above 140° C. This proves: 

““(a) That the hydrates of faintly basic aluminates and silicates cannot 
be formed at this temperature, and that, consequently, they cannot exist 
except at temperatures below 140° C. 

“(b) That the strongly basic aluminates and silicates are not attacked 
by water at this temperature, since if they were decomposed, CaO would 
be liberated and an absorption of water would take place (because calcium 


hydroxide does not become hydrated in an atmosphere saturated with 
steam, except toward the temperature of 550° C.).” 


Referring to the above statements and two others, not 
directly connected with the present matter, the author adds: 


“These three phenomena have been confirmed by Mr. B. Blount, to 
whom we communicated our observations.” 


When this was published, the Pittsburgh branch of the 
Bureau of Standards was engaged in experimenting with the 
autoclave, and although the temperature obtained in its use 
was above that mentioned by Bied, it was thought advisable 
to repeat his work. When this was done, substantially the 
same results were obtained. 

However, in the apparatus used, the hydration is carried 
on at atmospheric pressure, whereas in the autoclave the pres- 
sure recommended is 295 lb. per sq. in. Consequently, the 
hydration of the dicalcium silicates (it is to be noted that there 
are four dicalcium silicates with distinct crystallographic prop- 
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clave. These were placed in this apparatus so that they were 
subjected to the influence of the steam alone, that is, they 
were not placed in the water. In no case have the silicates 
or aluminates shown signs of hydration. If, however, these 
materials were allowed to hydrate in water, at room tempera- 
tures and atmospheric pressure, for several days, and then 
placed in the autoclave (subjected to steam action alone), it 
was noticed that the hydrated portion of the silicate was reduced 
to an amorphous powder; that the tricalcium aluminate, which 
normally hydrates almost entirely by absorption of water and 
crystallization with but slight decomposition into a lower alum- 
inate, continues to hydrate with the formation of large crys- 
tals of the hydrated tricalcium aluminate; further, that the 
5CaO:3Al,03 aluminate and the monocalcium aluminate, which 
normally hydrate by the splitting off of hydrated alumina and 
the crystallization of hydrated tricalcium aluminate resulting 
from their decomposition, also show the increased’ growth of 
the crystals of tricalcium aluminate and the changing of the 
apparently colloidal hydrated alumina from a translucent mass 
to a white amorphous powder. 

It would appear from the above, therefore, that cements, 
if made from synthetic silicates and aluminates and placed 
in the steam in the autoclave after a short preliminary hydra- 
tion, should show disintegration, as the apparently colloidal 
material is reduced to a pulverent powder and the crystalline 
material grows to excessive, frequently microscopical, size. 

The statements of Mr. Force in regard to the hydration of 
the dicalcium and tricalcium silicates are interesting. But the 
formation of the latter is dependent not only on the fineness of 
grinding and temperature of burning, but also on the composi- 
tion of the raw mix. This may be such that there is little 
likelihood of the possibility of its formation. The analyses (in | 
the nearest whole numbers) of four cements are as follows: 


No. 8. No.13. Wo.20. No. 23. 
20.0 23:0 24.0 24.0 
ALO,, per 12.0 12.0 15.0 9.0 
CaO and MgO, per cent...... 67.0 62.0 60.0 66.0 


erties) and the calcium aluminates were studied in the auto- Mr. Bates. 
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These cements showed petrographically that No. 8 con- 
tained considerable tricalcium silicate, while No. 13 showed 
only. a little; No. 20 showed none whatever, while No. 23 
showed an amount equal to the dicalcium silicate present. An 
examination of the analyses would show that it would be abso- 
lutely impossible practically to burn Nos. 8 and 13 or Nos. 20 
and 23 at the same temperature and obtain clinker. As a matter 
of interest the autoclave test of the neat briquettes in tension 
and 1:3 two-inch sand cubes in compression showed: 


BRIQUETTES, Sanp CuBEs, 
LB. PER SQ. IN. LB. PER SQ. IN. 
Normal. Autoclave. Normal. Autoclave. 
168 129 554 1332 


_ A comparison of these results brings up Dr. Cushman’s 
statements in regard to the sand-lime brick mortars.! The 
closely comparable results in compression and the widely variant 
results in tension of the autoclave specimens are very noticeable, 
and taken in connection with the lime content of the cement, 
point towards the reaction of the lime set free during hydration 
with the silica of the sand. 

The following results are given as on upon the state- 
ment in regard as to whether the autoclave test produces in a 
short period a normal hydration. Is it an accelerated test in 
which the phenomenon of hydration is identical with that which 
would take place under normal conditions? If such is the case, 
a specimen placed in water for a definite period and then in 
the autoclave, or placed in the autoclave at the end of 27 hours 
and then in water for the same period, should show a greater 
strength than one placed in water alone, since there would be 
obtained the normal strength (hydration) plus the autoclave 
strength (hydration). The two cements were tested (neat 


1 This statement refers to Mr. A. S. Cushman’s discussion “by ietter’’ of Mr. Force's 
paper, which appears on pp. 781-785.—Eb. 
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briquettes) at the periods noted after the conditions of aging Mr. Bates. 


as shown: 


Cement A. Cement B. 
ConDITIONS OF AGING. 


24 7 28 90 24 7 | 90 
hr. | days. | days. | days. | hr. days. | days. | days. 
115 | 437 | 636 | 738 | 363 | 639 | 683 | 690 
In autoclave at end of 24 hr. and then in water 
until end of period shown................. 444 | 515 | 606 | 753 | 418 | 378 | 469.) 688 
In water until end of period shown and then in 
| 406 | 788 | 814 | ... | 473 | 503 | 468 


Cement A is a high-silica cement which seldom gives 
1:3 sand briquettes passing the 7-day requirement of the stand- 
ard specifications; cement B is a highly aluminous, very 
low-silica cement which gives high strength at 7 days and but 
little gain afterward. The results of the test of these two 
widely different cements as shown above, particularly at the 
end of 90 days, point very strongly to the fact that the hydra- 
tion in the autoclave is abnormal. 

THE SECRETARY.—The remarks I desire to offer are 
intended to be of a somewhat general nature rather than 
restricted to the particular test under discussion. It seems to 
me that any one disposed to advocate for adoption in speci- 
fications a new test of a drastic nature, should feel it incumbent 


The Secretary 


upon him first to establish, or to have established for him, © 


within reasonable limits of certainty, the reliability of such a 
test; and that it ought not to be made incumbent on individual 
testing engineers to prove or disprove its value. It would 
seem that the author of such a test should be the first to wel- 
come its critical investigation by a duly appointed body of 
which he would naturally be a member, and that conclusions 
as to the merits of the test should be held in abeyance pending 
the report of that body. Individual testing engineers would 
thus be relieved of the responsibility of conducting investiga- 
tions separately at a great aggregate sacrifice of time and 
energy in seeking te do individually and with much duplication 
and overlapping that which can be done much more effectively 
and authoritatively by a joint body. 

[On motion of Mr. Robert W. Lesley, and with the approval 
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of the author, Mr. Force’s paper was accepted, with the under- 
standing that it would be printed in the Proceedings, and that 
it would be referred to Committee C-1 on Standard Specifications 
for Cement.] 

Mr. W. C. Hanna (by letter)—I have been very much 
interested in the autoclave tests conducted by Mr. Force, and 
have made a large number of such tests in order to become 
acquainted with the method of testing and to learn the value of 
the test. 

From these tests and observations of methods of manu- 
facture, I consider the autoclave test valuable when applied to 
neat Portland cement. It may be that there should be 
changes made in the specifications drawn up by Mr. Force, 
and it is very probable that numerous cements which would 
give good results in practice will be rejected by the autoclave 
test. 

I have had under observation a pat made from cement 
which would fail in the boiling test in less than one hour boil- 
ing. The pat has been stored in water and air at about 70° F. 
for the past eight years, and I have noticed no checks or cracks 
up to this time. Probably this cement would have given 
good results in practice, yet it is difficult to find an engineer 
who would risk using a cement which is not sound in the boiling 
test. 

Ten years ago cements unsound in the boiling test were not 
uncommon, and much cement of this class has been used which 
seems to have given satisfaction so far. Noone knows concern- 
ing the future, however. We are building for hundreds of years 
duration, and any test that will point out a cement which will 
be more durable than the ordinary cement, is valuable. 

In order to manufacture cement which will pass the auto- 
clave specification, good raw materials are required, and care 
in the manufacture. This will raise the cost of manufacture, 
and, of course, the consumer should pay for it. Regrinding 
will help some cements to pass autoclave tests, while with others 
I have noticed no change. A reasonable amount of storage 
seems to help some cements to meet the requirement, yet with 
many cements the storing reduces the normal strength to such 
an extent that even with tremendous gain, the strength will be 
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less than 400 lb. after removal from the autoclave. Cements 
which pass the autoclave test weigh less than when placed in 
the autoclave, and the percentage of expansion is usually about 
0.3 per cent. This is also true of cements of low strength, but 
which are sound in the autoclave. Furthermore, some cements 
which pass the standard specifications of the Society will dis- 
integrate in the autoclave. 

Mr. A. S. CusHMAN (by letter).—The following is an excerpt 
from the report of the writer on the proposed autoclave test 
for Portland cement to the Association of American Portland 
Cement Manufacturers by authorization of that Association.! 

Historical Data Relating to the Autoclave Test, Including 
Opinions of German Authorities in Regard to It.—As far as we 
have been able to determine, the high-pressure steam test on 
Portland cement was first recommended in Germany by Doctor 
Erdmenger in 1881. The Erdmenger test was fully investigated 
by some of the leading German authorities on cements and was 
rejected by them as inadequate and misleading. This is clearly 
shown in the translations from letters addressed to the Secretary 
of the Association of American Portland Cement Manufacturers.” 


In commenting on the test, Doctor Dyckerhoff states 
as follows: 


“As early as 1881 Doctor Erdmenger recommended in Germany a high- 
pressure steam test of Portland cement, with a view to testing its constancy of 
volume. This was rejected by the commission on volume constancy in the 
Royal Bureau of Material Testing (Kgl. Materialprufungsamt), their opinion 
being based on the fact that such a test had no bearing upon the problems of 
building construction. At the present time in Germany we consider the 
high-pressure steam test as being wrong and misleading.” 


Professor Gary of the Royal Bureau of Material Testing 
writes as follows: 


“Permit me to inform you that the high-pressure steam test was first 
recommended by Doctor Erdmenger in our country but was never put to 


1 Bulletin No. 28, 1913, Proc. Assoc. Am. Portland Cement Mfrs. 

2 The letters from which the above citations are made refer also to other subjects except 
those under discussion in this paper. It therefore did not seem advisable to publish the letters 
in full. They are in the possession of the Secretary of the Association of American Portland 
Cement Manufacturers, and the author is assured that any one wishing to verify them in rela- 
tion to the general context of the letters will be extended every opportunity to examine them 
in the original 
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practical use on a large scale, because it was soon discovered that this test 
was even less adapted to distinguish useless cements from useful cements 
than the usual methods of determining constancy of volume.” 


A careful study of all the available data in connection with 
the historical development of the high-pressure steam tests as 
reported in the transactions of the International Association for 
Testing Materials shows very clearly that, as a quantitative 
acceleration test the use of high-pressure steam has been gener- 
ally condemned by leading authorities, because it has been found 
to lead to erratic and inconsistent results. 

The Influence of High-Pressure Steam on the Hardening of 
Portland Cement.—As the result of numerous experiments with 
the autoclave test, it is now well known that Portland cements, 
when made into neat briquettes and allowed to obtain their 
initial set in a damp closet, may behave in different ways when 
subsequently heated in a high-pressure steam digester. They 
may increase in strength, remain unchanged, or deteriorate par- 
tially or to the point of falling to pieces. In attempting to 
account on purely theoretical grounds for this difference of be- 
havior, the following important question naturally presents 
itself: Is this difference of behavior a mark or measure of quality, 
efficiency or condition in a given cement? If the action of super- 
heated steam is merely to carry out in a few minutes the harden- 
ing reactions which would naturally take place in time under 
service conditions, the question would have to be answered in the 
affirmative. If, however, the action of superheated steam is 
to induce a new set of reactions, leading to an artificial, super- 
induced bond which would never under any circumstances take 
place under normal service conditions, the question must be 
answered in the negative. 

It is a very well-known fact that if lime and silica in certain 
proportions are ground together in a slightly damp condition, 
molded into briquettes and subjected to the action of high- 
pressure steam, a very strong bond is formed. The reactions 
induced by the action of the high-pressure steam are the basis of 
the sand-lime brick industry. Now, a mixture of lime and silica 
merely ground together in a damp condition would have no hy- 
draulic properties whatsoever, and would never set or develop 
strength under the conditions which govern the setting and har- 
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dening of Portland cements. The sand-lime brick bond has noth- Mr. Cushman. 


ing whatsoever to do with a hydraulic bond, and the reactions 
which account for it are induced entirely under the action of 
high-pressure steam carried on for a few hours. Unquestionably 
Portland cement, after being mixed with water, formed into 
briquettes and allowed to form the first hydraulic bond, contains 
both hydrated lime and to some extent reactive silica. It would 
therefore be expected that on subsequently subjecting it to the 
action of high-pressure steam, the sand-lime or silica-lime bond 
would be formed, which’ might or might not reinforce the natural 
hydraulic bond already formed. An excellent and comprehensive 
research on the bond formed between lime and silica under the 
action of high-pressure steam, is to be found in a paper pub- 
lished by S. V. Peppel, entitled ‘‘The Manufacture of Artificial 
Sandstone or Sand-Lime Brick,” Bulletin No. 5, Geological 
Survey of Ohio, 1906.1 In this excellent paper Peppel has 
shown that the strength of the bond formed in the autoclave 
depends on a number of factors, in which may be included the 
reactive condition of the lime and silica present. From a care- 
ful study of this paper and the application of the principles which 
it develops, to the present subject under consideration, it is 
indicated that the action of the autoclave test for Portland cement 
is merely to produce in addition to the ordinary hydraulic bond 
a silica-lime bond which can only be produced under the action 
of high-pressure steam. If this is true, it at once becomes 
apparent that the autoclave test is not a rational one and should 
not be used as a method of judging the behavior in construction 
work of a given brand of Portland cement. 

The Autoclave Test.in Its Relation to the Development of 
Compressive Strength of Different Brands of Cement.—While 
theoretical considerations are important in judging the value 
of any test, its real usefulness must rest in the ability to clearly 
show those qualities which make for better concrete in both 
short and long periods. In order to determine whether the auto- 
clave test as proposed was able to distinguish between cements 
which develop their bond normally and properly under service 
conditions, the Institute of Industrial Research undertook a 


1 See also a very recent treatise entitled ‘‘Sand-Lime Brick and Artificial Sandstones in the 
Philippines,"’ by Cox, Reibling and Reyes, Philippine Journal of Science, Vol. VII, No. 5, Sec. A. 
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Mr. Cushman. Systematic investigation. A number of different brands of stand- 


ard Portland cements were purchased in the open market and 
tested both by the standard methods and by the autoclave test. 
Out of all these brands tested, four were selected for the purpose 
of the investigation. One of these four cements absolutely 
failed under the conditions of the autoclave test, to the extent 
that the briquettes made of it disrupted and fell to pieces in the 
autoclave. Another one showed deterioration, while two of 
the cements passed the most severe specifications for the auto- 


TABLE IV.—REsuULTs oF TESTS TO DETERMINE THE RELATIVE CRUSHING 
STRENGTHS OF CONCRETE MADE FROM CEMENTS WHICH PASSED AND 
CEMENTS WHICH DID NOT PASS THE AUTOCLAVE TEST. 


(RESULTS AVERAGE OF Five Test PIEcEs) 


x 15 16 20 21 
Sample (Passed) | (P i) | (Failed) | (Failed) 
TENSILE STRENGTH. 
(Ib. per sq. in.) 
Compressive STRENGTH 6-1N. CYLINDERS. 
(Ib. per sq. in.) 


clave test and increased more than 25 per cent in strength. A 
large number of 6-in. cylinder test pieces were then made up 
from each of these selected cements. The test pieces were made 
from a 1:2:4 mixture, using Potomac River sand and crushed 
trap rock screened to pass a 1-in. screen. All sets of test pieces 
were made up as nearly as possible under exactly the same con- 
ditions. After the test pieces had obtained their final set, 
they were taken out of doors and laid in a sand bed in the form 
of a tesselated pavement flush with the surface of the ground. 
They were thus exposed to normal service conditions which 
Portland-cement concrete may be expected to meet. At 3 and 
6-month periods a set of 5 test pieces was removed from each lot 
and tested under compression in the usual way in a Riehlé 
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150,000-lb. testing machine. These specimens are at the present Mr. Cushman 
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time not quite one year old, but an inspection of the results for the 
3 and 6-month periods, which are given in Table IV, shows that 


TABLE V.—RESULTS OF TESTS TO DETERMINE THE RELATIVE TENSILE 
STRENGTHS OF NEAT AND MortTAR BRIQUETTES MADE FROM CEMENTS 
WHICH PASSED AND CEMENTS WHICH DID NOT PASS THE 
AUTOCLAVE TEST. 

(TENSILE STRENGTH, LB. PER SQ. IN.) 


Neat BriquetTres 
Percentage increase or decrease............... +40.5 +32.2) -—41.3 —82.0 
6 months in water, autoclave................. 484 507 501 
—30.4 —29.5 —26.7 
6 months in air, autoclave................00- 568 695 471 
—29.9 — 4.5 —35.6 
7 days in water, 6 monthsin air.............. 801 775 787 
7 days in water, 6 months in air, autoclave. ... . 582 573 492 
1:3 STANDARD SAND BRIQUETTES. 
28 139 112 35 
Percentage increase or decrease............... +161.2 +78.2 + 8.7 —20.4 
7 days........ 157 238 205 220 
Percentage increase or decrease............... —10.8 —37.8 —10.7 +62.3 
6 months in water, autoclave................. 169 345 245 
Percentage increase or decrease.........:....... —30.4 +5.5 —30.0 
336 475 502 
6 months in air, autoclave ................00008- 205 215 250 
Percentage increase or decrease............... —39.0 —54.8 —50.0 
7 days in water, 6 monthsin air............... 457 550 ooee 
7 days in water, 6 monthsin air, autoclave... .. 251 285 sees 
Percentage increase or decrease............... —45.1 —48.2 


there is little or no difference to be observed between the strength 
developed by any of the samples of cement, irrespective of 
whether they passed or failed under the autoclave test. As a 


. 
by 
_ 


Mr. Cushman. 


Mr. Fuller. 


786 DISCUSSION ON AUTOCLAVE TESTS FOR CEMENT. 


matter of fact, the maximum figure for the 6-month period, as 
the average of 5 test pieces, is represented by the cement which 
gave the worst result of the two which failed under the autoclave 
test. As far as these tests have gone, it is shown that the auto- 
clave test is not able to distinguish between the strength-develop- 
ing qualities of cements up to 6 months, under normal exposure 
to out-of-door conditions." 

The Autoclave Test in Its Relation to the Development of 
Tensile Strength as Measured by the Standard Briquettes—In 
addition to the work described in the last paragraph, a very 
large number of tensile strength test pieces have been prepared 
in the laboratories of the Institute of Industrial Research for 
further investigation of the autoclave test. Autoclave tests 
made on neat and 1:3 briquettes aged in various ways for periods 
up to 6 months and prepared from two cements which originally 
passed and two cements which originally failed under the auto- 
clave test, gave erratic results. In general, however, the auto- 
clave test made on all briquettes over 24 hours old, whether 
stored in air or water, or part of the time in air and the rest of the 
time in water, showed a decrease in strength as compared to the 
ordinary standard tests. The results upon which this statement 
is based are shown in Table V. 

Mr. J. W. Futter, Jr. (by letter)—In connection with the 
autoclave test, I have obtained samples of cement from various 
plants throughout the United States and Canada, operating 
by different processes and on different materials, and have had 
these samples subjected to the autoclave test with the results 
shown in Table VI, the values given in each case being the 
average of three tests. 

These plants, situated in widely different localities, embrace 
practically all the different materials used in cement manufac- 
ture, and are all able to produce autoclave cement by extremely 
fine grinding of their materials, and of course by the usual care- 
ful attention to the proper proportioning and burning of their 
mixtures. The data are sufficiently exhaustive to justify the 
opinion that any other plant can do the same thing. 

It is natural, of course, that some of the manufacturers 


1 Since the above paragraph was written the results of the one-year test have become 
available and are included in Table IV. 
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will be put to considerably more expense to manufacture auto- Mr. Fuller. 
clave cement than others, but there is no question that there 
is also a wide difference in the cost of manufacturing the standard 
Portland cement. 

In connection with this investigation, a total of 399 dif- 
ferent samples of cement were subjected to the autoclave test, 
and as nearly all of these samples were representative bin 
samples, the tests actually cover about one million barrels of 


TABLE VI.—RESULTS OBTAINED WITH AUTOCLAVE TESTS. 


Fineness, . Tensile Strength. 
per cent 
passing | 
Plant.| Location. | Process. Materials. sieves. 24 Gain 
clave, per E 
100 | 200 | sq. in. Ib. per | cent. 
sq. in 
A. |California...|Dry......| { Limestone }) 95.1) 4.0) 400 | 645 | 61.5 | LessthanO5 
A !California...| Dry...... ‘ss 95.0 | 84.0| 418 781 86.8 | Less than 0.5 
A | California...| Dry...... 95.1 | 84.1 334 662 98.1 | Less than 0.5 
A California...| Dry... ... 95.1 | 83.6 273 625 129.2 | Less than 0.5 
B | Washington.| Dry...... } 95.0| 84.3 | 400 | 840 | 110.0 | Less than 0.5 
B Washington.| Dry...... - 96.8 | 86.5 370 810 118.9 | Less than 0.5 
C | Kansas..... Semi-wet _— } 95.3|85.1| 460 | 850 | 84.8 | Lessthan0.5 
D | Michigan...| Dry......| { Lipestane 95.8 | 85.8 | 430 | 870 | 102.3 | Lessthan 0.5 
| Cement 
E_ | Pennsylvania! Dry...... | 4 rock and 94.9 | 84.8 420 930 121.4 | Less than 0.5 
limestone 
| 
E_ |Pennsylvania! Dry...... rock and 95.5 | 85.6 345 790 129.0 | Less than 0.5 
| limestone 
Limestone 
F |Canada.....| Wet...... } 95.0 | 84.5 | 300 | 600 | 100.0 | Lessthan0.5 


cement. Over three hundred samples passed the autoclave test 
in freshly ground condition, and all the remainder, with the 
exception of three samples, passed on retests after a little’aging. 
These three samples failed on the standard soundness test 
originally, and while aging for a month enabled them to then 
meet the steam and boiling tests perfectly, although after a 
year’s aging they still failed to meet the autoclave test require- 
ments. 
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I would not advise having the autoclave test incorporated 
in the general specifications for Portland cement, for I do not 
think it practicable at this time, or even necessary, to have 
all the cement manufactured in the’ United States pass the 
autoclave test, but there should be a separate specification for 
autoclave cement. 

All the cement, when freshly ground, does not uniformly 
always pass even the ordinary soundness test of the present 
standard specifications, and the autoclave test is of course 
still more severe. I do think, though, that autoclave cement 
should be specified for certain work, just as, for instance, stay- 
bolt iron is specified in preference to ordinary bar iron for boilers 
and certain other classes of work. 

In this stand I am moved by the following considerations: 
Years ago, when coarse grinding was in vogue in cement manu- 
facture, it was extremely difficult to obtain cement which could 
pass the ordinary soundness or boiling test. By finer grind- 
ing, sound cement was achieved—an admittedly better product 
than the former. I find from practical experience that, with 
operating conditions favorable to the manufacture of a product 
which passes the soundness and other standard specifications 
but fails on the autoclave test, increasing the fineness of both 
the raw materials and the clinker, for instance, from 80 per cent 
through a 200-mesh sieve to 85 per cent through a 200-mesh 
sieve, will yield a product which will also then pass the auto- 
clave test, in addition to the other requirements. 

In one case within my observation a plant had been grind- 
ing the raw material to a fineness of about 80 per cent 
(averaging 80.4 per cent) through the 200-mesh sieve. The 
mixture was normal, as was also the burning. The clinker was 
being ground to about the same fineness, and the resulting 
cement under these conditions, while passing perfect soundness 
tests and exceeding the standard specifications in tensile 
strength, uniformly failed on the autoclave test, the autoclave 
briquettes “breaking in the clips.” | 

The necessary steps were then taken to secure a greater 
degree of pulverization, the fineness on the raw side being 
increased to 95 per cent through the 100-mesh and 84.6 per cent 
through the 200-mesh sieve, the composition of the mixture 
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remaining the same. 
days’ run of the mixture of the fineness indicated showed the 
following results: 


FINENESS. SOUNDNESS. NEAT, Force, PERCENTAGE 
No. 100. No. 200. STEAM. Bol. 24 Hours. 24 Hours. GAIN. 
94.4 84.2 O.K. O.K. 340 Ib. 630 lb. 85.3 


With finer grinding yielding a sound and admittedly better 
cement, and extreme fineness as a necessary factor for the 
achievement of perfection of any chemical reaction, the fact 
that still finer grinding will yield autoclave cement, to my 
mind entitles autoclave cement to the benefit of the doubt as 
to whether it is a better product than one which fails to pass 
the autoclave test. 

Most cement manufacturers have had the experience, at 
one time or another, of cement failing to meet the ordinary 
soundness test when freshly ground, but passing the test 
readily after aging for a greater or less period in the stock- 
house bin, and the cement in this aged condition, then passing 
the soundness test, is generally considered to be an improved 
product. 

I have at hand a great many tests bearing on this point 
in connection with the autoclave test, one of which, bin “A,” 
will suffice to bring out the point in mind. The bin readily 
passed all standard specifications, the autoclave results being 
as shown in Table VII. 


TABLE VII.—TeEsts SHOWING EFFECT OF AGING. 


The bin of cement resulting from two Mr. Fuller. 


Tensile Strength 
: Steam Boiling 
Bin. | When ground.| When tested. Test. Test. 96 be. nent, Foree, Loss or 
Ib. per sq. in.| Autoclave, Gain, 
Ib. persq.in.| per cent. 
A Feb. 17, 1913..| Feb. 17, 1913..| O. K. oO. K. 400 Disintegrated|.......... 
A Feb. 17, 1913..| Feb. 24 1913..| O. K. oO. K. 400 Disintegrated|.......... 
A Feb. 17, 1913..| Mar. 3,1913..| O. K. oO. K. 400 270 —32.5 
A Feb. 17, 1913..| Mar.10, 1913..| O. K. oO. K. 400 390 — 2.5 
A Feb. i7, 1913..| Maz. 17,1913..| O. K. 0. K. 400 580 45.0 
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This cement, bin “A,” on March 17 would hardly be con- 
sidered inferior to this same cement on February 17; in fact, 
even on general principles, it would be considered to be im- 
proved, if anything. On March 17 it was autoclave cement, 
while on February 17 it was not. 

Of the great number of tests which I have had so far con- 
ducted, there has not been an instance where cement that 
originally passed the standard specifications, which included 
the soundness test fresh from the mills, did not eventually 
also pass the autoclave test by aging from 1 to 6 months, 
though it did not originally pass the autoclave test. 

Mr. H. J. Force (Author’s closure by letter)—My paper 
was presented to the Society for the purpose of calling the atten- 
tion of engineers and manufacturers to the two distinct types of 
cement now on the market, and to give the results of each as 
tested by the autoclave. 

Both of these types passed the specifications adopted by 
the American Society for Testing Materials, but when subjected 
to the autoclave test, one showed a tensile strength of 600 lb. 
per sq. in. while the other completely disintegrated. The first 
type showed an expansion of 0.15 per cent while the other showed 
an expansion of between 4 and 6 per cent. 

It was thought that the presentation of my paper at the 
annual meeting of the Society would stimulate further research 
as to the value of the autoclave test,! and it was assumed that 
research along this line would be welcomed by the manufacturers. 
No one, I am sure, can contemplate the situation which we have 
been trying to investigate, without being impressed by the 
adverse, antagonistic interests involved. Surely, it is as legiti- 
mate for the consumer to study the methods by which cement is 
manufactured, as it is for the manufacturer to study the treatment 
which his cement receives in service. 

In view of certain concrete failures it cannot be denied 
that the subject is a pressing one, and that there is need of a 
thorough investigation of the concrete problem by the manu- 


1 By vote at the last annual meeting Mr. Force’s paper on “‘ Results Obtained with the 
Autoclave Tests for Cement,’’ was accepted with the understanding that it would be printed 
in the Proceedings and that it would be referred to Committee C-1 on Standard Specifica- 
tions for Cement. Committee C-1 is expected to present to the Society, in due course, its 
report on this subject.—Eb. 
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facturers and the consumers. While the papers that have been 
presented in the discussions on my test are voluminous, I am 
disappointed in that, as a rule, they fail to account for the 
differences existing between autoclave and non-autoclave cement. 
Two exceptions, however, may be noted. The papers by Mr. 
Wig and Mr. Bates show that an autoclave cement is the more 
uniform and gives higher results when subjected to compression. 
They fail, however, to offer any explanation of their results. 

Some manufacturers have insisted that a cement which fails 
under the regular hot test would give good results in service. 
The results obtained by Mr. Wig do not so indicate. Samples 
tested in our own laboratory at Scranton show similar results; 
many of them went to pieces in a few months when kept in air, 
while other specimens which were kept in water lost one-half of 
their compressive strength at the end of one year. It is very 
likely that many samples of this type of cement would stand a 
hot test at 150° F., whereas at 212° F. these samples would fail. 
The question naturally arises: If the cement was bad when 
tested at 150° F., would the small difference of 62° F. necessarily 
pass a cement of good and lasting quality? 

The objection has been made that the results obtained in 
the autoclave test are erratic. An inspection of the tables in 
my paper on mills Nos. 1 to 5 does not sustain this objection. 
The results in mills Nos. 1 and 2 are exceptionally uniform, 
while mills Nos. 3, 4 and 5 show a wide variation in the different 
samples, indicating an erratic cement, probably due to poor 
mill control and to the quality of the raw material. The fault 
lies in the cement and not in the method of testing it. 

It has been hinted at times that certain brands of cement 
are superior to others because they are manufactured from 
natural rock, which requires very little or no addition of either 
high-lime stone or shale. Where rock of this kind is not avail- 
able, and the addition of high-lime stone or shale is necessary, 
the process of manufacture must necessarily be somewhat 
changed. If the particles of raw material are of considerable 
size or if thorough admixture of the raw material is not attained, 
complete chemical reaction cannot take place in the short space 
of time the material is in the kiln. For this reason the manu- 
facturers who do not use a natural rock must grind their raw 
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Mr. Force. material finer than their competitors who use a natural rock. 
It is evident that it will cost the first class more to produce an 
autoclave cement than it will the second class. 


Tensile Strength, Ib. per sq. in 
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Fic. 5.—Tension Tests of 1:3 Briquettes, 


This can be best illustrated by referring to Fig. 5, which 
shows four different brands of cement of 1:3 sand, tested to one 
year, and three different brands of cement of 1:4 sand, tested to 
one year. These tests are the average of the number of samples 
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indicated in the figure. The briquettes were made up according Mr. Force. 
to the standard specifications of the Society. In the 1:3 bri- 
quettes, samples A and B are cement in which the addition 
of high-lime stone was necessary. In the case of sample B, the 
percentage of high-lime stone which was added to the rock 
from the quarry amounted at times to as much as 30 per 
cent, while in the case of sample A the percentage was con- 
siderably smaller. Both of these samples failed to pass the 
autoclave test. Samples C and D were made from natural 
rock which required no addition of high-lime stone. Sample 
C passed the autoclave test while sample D failed, although 
it stood the test much better than either sample A or B. 
The raw material from which samples A, B and D were made 
were ground to the same degree of fineness, while the raw 
materials used for sample C were more finely ground, thereby 
producing an autoclave cement. In the 1:4 mix, sample E 
was from the same mill as sample B, and also failed to pass 
the autoclave test. Samples F and G were made from natural 
rock which required no addition of high-lime stone. Both of 


these samples passed the autoclave test and showed higher 
results than sample E at all periods except at the end of three 
months. 


From these results it is quite evident that if the manu- 
facturer who finds it necessary to use a large percentage of high- 
lime stone rock or shale wishes to produce autoclave cement, he 
must grind his raw material finer, in order to get a thorough 
admixture. Later tests on samples from the same mill which 
furnished samples E and B have proven this to be the case. 
New machinery has recently been installed in this mill, and 
the raw materials are ground much finer than formerly. The 
product of this mill now passes the autoclave test and results 
so far have shown a tensile strength similar to that of sample C. 
It is also noted that the drop in tensile strength on cements which 
are not autoclave is much sharper from six months to a year, 
indicating that retrogression is more rapid in non-autoclave 
cement. 

As there is a wide difference between some autoclave 
cements and some non-autoclave cements, it would appear that 
engineers and consumers would be justified in using but one of 
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these two types, especially when it is a noted fact that from 
50 to 60 per cent of all the cement manufactured in the Lehigh 
Valley District for the past two years would well meet the 
requirements of the autoclave test. Experimental data to date 
indicate that autoclave cements are more uniform, are higher 
in compressive and tensile strength, and are more constant in 
volume; the data referred to being the tensile strength tests 
recorded in my paper, those shown in the accompanying 
Fig. 5, and the results of compression tests reported by Mr. Wig 
in his discussion. 

The results obtained by Mr. J. W. Fuller, Jr., on the auto- 
clave test with a number of brands of cement from different 
parts of the United States, compare very favorably with my 
results. Mr. Fuller is not a consumer, but is a large manufac- 
turer of Portland cement and one well qualified, in my judgment, 
to give an opinion upon this important product. It is evident 
from the results obtained by Mr. Fuller, as well as our own, 
that the requirements of the autoclave test can easily be met. 

For the benefit of those who are not familiar with this test, 
that portion of the specifications as adopted by the Lackawanna 
Railroad Co. and others is quoted as follows: 


EXTRACT FROM SPECIFICATIONS FOR PORTLAND CEMENT 
OF THE 


DELAWARE, LACKAWANNA & WESTERN RAILROAD CO. 


1. Definition—The cement shall be the product obtained by finely pul- 
verizing clinker produced by calcining to incipient fusion, an intimate mixture 
of properly proportioned argillaceous and calcareous substances, with only 
such additions subsequent to calcining as may be necessary to control certain 
properties. Such additions shall not exceed 3 per cent, by weight, of the 
calcined product. 

2. Specific Gravity—The specific gravity of the cement shall not be less 
than 3.10. 

3. Finenes .—Ninety-five per cent of the cement, by weight, shall pass 
through the No. 100 sieve, and 80 per cent of the cement, by weight, shall 
pass through the No. 200 sieve. 

4. Time of Setting —The cement shall not acquire its initial set in less 
than 1 hour and must have acquired its final set within 10 hours. 

5. Soundness: Force Autoclave Test.—Three neat briquettes to be made 
up in the usual manner and allowed to remain in the damp closet for 24 hours. 
At the expiration of that time, the briquettes are to be removed from the 
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molds and placed in the autoclave, sufficient water being added to partly or Mr. Force. 
wholly cover the briquettes. The autoclave is then closed, the burners being 
of sufficient size to raise the pressure to 295 lb. in not more than 1 hour. The 
pressure of 295 lb. shall be maintained for 1 hour longer, or a total time of 
2 hours. The pressure is then to be gradually released, the briquettes taken 
out and placed in the moist closet, where they shall be allowed to remain for 
lhour. At the end of that time they are to be broken in the standard cement 
testing machine in the usual manner. The average tensile strength of the 
three briquettes taken from the autoclave must show a tensile strength of 
not less than 500 lb. per sq. in. They must also show an increase of not less 
than 25 per cent over the average tensile strength of three briquettes broken 
at the end of 24 hours. A bar of neat cement, 6 in. long by 1 in. square, shall 
be made up at the same time the briquettes are made. This expansion bar 
to remain in the moist closet for 24 hours and to be removed along with the 
briquettes and tested with the briquettes in the autoclave, as indicated above. 
After one hour in the moist closet, this expansion bar shall not show an expan- 
sion greater than 0.5 per cent. 

6. Tensile Strength—The minimum requirements for tensile strength 
for briquettes 1 in. square in section shall be within the following: 


NEAT CEMENT. 


AGE. STRENGTH. 
200 Ib. 
7 days (1 day in moist air, 6 days in water).......... 500 “ 
28 days (1 day in moist air, 27 days in water)......... 600 “ 


ONE PART CEMENT, THREE Parts SAND. 


AGE. STRENGTH. 
7 days (1 day in moist air, 6 days in water).......... 250 lb. 
28 days (1 day in moist air, 27 days in water)......... ky sl 


The average of the tensile strengths developed at each age by the bri- 
quettes in any set made from one sample is to be considered the tensile 
- strength of the sample at that age. Any results that are manifestly faulty 
will not be included. The sand briquettes will be thoroughly tamped in 
the molds by using an iron die to fit inside the sand briquette mold; this die 
to be struck a number of blows with a wooden mallet. 

7. Composition.—In the finished cement, the following limits shall not 
be exceeded: 


PER CENT. 
Loss on ignition for 20 minutes..................-0005- 4 
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8. Insoluble Residue-—The insoluble residue shall be determined on a 
l-gram sample which is digested on the steam bath in hydrochloric acid of 
approximately 1.035 specific gravity until the cement is dissolved. The 
residue is filtered, washed with hot water, and the filter-paper contents 
digested on the steam bath in a 5-per-cent solution of sodium carbonate. 
The residue is then filtered, washed with hot water, then with hydrochloric 
acid, approximately of 1.035 specific gravity, and finally with hot water. 
then ignited and weighed. The quantity so obtained is insoluble residue, 
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OBSERVATIONS ON THE TESTING OF SAND. 
By W. B. REINKE. 


For any proposed piece of concrete construction, engineers 
as a rule, and rightly so, are very willing to inspect or have in- 
spected the cement to be used, accepting as a matter of course 
the necessary expenses involved. 

When the subject of sand-testing is brought up, however, 
the reply is generally, ““Oh! we don’t care about that,” or “We 
will have samples sent to this office and look at them to deter- 
mine their value.” Asa rule, they are quite satisfied that they 
have taken care of everything needed to produce a good concrete 
when they write strict specifications for the cement. They 
“pat themselves on the back,” look pleased and forget about 
the sand, overlooking the fact that this material is used as found 
in its natural state with every chance for wide variation in 
quality and that it forms from two to four times as much of the 
concrete as does the cement. 

Few specifications contain definite requirements as to the 
quality of sand, the subject being dismissed with a general 
clause, providing that it must be clean, sharp and free from 
loam. As generally interpreted, the word loam includes clay 
matter and finely divided silica. Experience has shown that 
for the best results, work sand may be too clean, that it need not 
necessarily be sharp, and that under some conditions a certain 
amount of clay or finely divided silica is advantageous. The 
quaiity of sand is, as a rule, judged by the eye and touch. No 
attention is paid as to what the mineral constituents compos- 
ing it may be; what granulometric analysis it may have; whether 
it may or may not contain minerals in a combined or free state, 
which will make it harmful to the concrete; whether it is so 
finely divided as, through the formation of colloids or otherwise, 
to retard or inhibit hardening of the concrete; or whether it 
may contain soluble alkalies, which may hasten the set of the 
cement to such an extent that the initial set is broken while it 
is still in the mixer and the whole mass becomes for a period, as 
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far as setting is concerned, so much inert or at best feebly 
cementitious material. _ 

For the last two years the company with which the writer 
is associated has investigated the reason for failure of a number 
of pieces of concrete masonry to harden properly. In some 
cases where the forms had been removed, the concrete was show- 
ing signs of yielding to stress of its own weight, raising a ques- 
tion as to its ultimate stability. In others the hardening was 
being retarded, thus delaying the removal of forms. 

From knowledge gained in these investigations, as well as 
results of many tests of sands carried on in our laboratory, 
certain salient features and characteristics of sands in general 
have been brought so forcibly to our notice as to make it seem 
imperative to pay quite as much attention, if not more, to the 
inspection of sand entering into any construction, as is paid to 
the inspection of cement. 

It, therefore, seems advisable that a committee of this 
Society be appointed to prepare definite specifications for sand 
and uniform methods for testing it. 

While the testing of sand is becoming more general, the 
work is being done under more or less tentative specifications 
prepared by individuals; no two laboratories seem to apply the 
same tests or use identical methods, the tests being carried out 
differently by each investigator. Most tests are made on 
samples delivered to the laboratories, no opportunity being 
allowed for the examination of the deposit or the selection of 
truly representative samples. The reason for this is chiefly 
one of dollars and cents, and since the condition obtains, the 
laboratory must do the best it can with the sample submitted. 

The following are the usual tests to which samples of sand 
submitted for testing are subjected, but it is rarely that all are 
employed in any one laboratory: 


1. Determination of the percentage of moisture; 

2. Determination of the percentage of voids; 

3. Granulometric analysis; 

4. Determination of the percentage of silt; 

5. Chemical analysis to determine silica and content of 
clay matter; 
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6. Loss on ignition; 

7. Volume of mortar from a given amount of sand and 
cement; 

8. Comparative tension tests of mortars made from work 
sand and standard Ottawa sand, using identical cement 
and only sufficient water to produce normal consistency. 


At this point it is hardly necessary to call attention to 
the fact that although tension tests are used for testing sands, 
this practice would seem to be altogether arbitrary and has 
grown out of the long-established custom of making tension 
tests of cement, which, as every one knows, was instituted only 
on account of convenience of having small portable inexpensive 
machines, which could be carried from one place to another 
without much trouble. 

We would suggest that all comparative sand tests be made 
on cubes or cylinders subjected to compression, as concrete itself 
is rarely subjected to tension. This practice has been adopted 
in Germany, where tension tests of cement and sand mortars 
have been largely eliminated. 

To the foregoing tests should be added several not usually 
carried out: 


1. Microscopic examinations, which need not necessarily 
be exhaustive; 

2. The effect on strength developed by the use of different 
cements; 

3. Permeability of resulting mortars; 

4. Weight per cubic foot as rece ved and dried; 

5. Determination of the amount of organic matter con- 
tained; 

6. Tension or preferably compression tests on wet mortars, 
having the same consistency as used in the work. 


This last test the writer believes to be the most important, 
and one to which all sands should be subjected. To the best of 
our knowledge, however, it is not generally used by laboratories 
other than the one with which the writer is connected. 

The general practice in testing sands is to compare work 
sand with standard Ottawa sand, using the same cement, the 
briquettes being made from mortars having normal consistency, 
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that is, the consistency of a 1:3 Ottawa sand mortar when made 
according to the standard methods for testing cement. In 
the test just referred to the sand is made into a mortar of work . 
consistency, that is, the consistency required in mortar to en- 
able the concrete to be poured. 

The practice of making comparative sand tests, using wet 
mixtures, was developed in our laboratory some years ago while 
we were trying to find the reason why a sand known to have 
caused trouble in a certain piece of concrete work, when mixed 
into mortar of normal consistency, gave tensile strengths 
greater than those obtained from the same cement and Ottawa 
sand. 
The method of procedure in our laboratory is as follows: 
The sand to be tested and Ottawa sand are first made into 
mortars of normal consistency, using preferably cement from 
the work. These mortars are then made into briquettes, the 
whole operation being in accordance with the prescribed methods 
of this Society for the making of sand briquettes when testing 
cement. The amount of water necessary to make a mortar of 
normal consistency having been found, a new batch of sand and 
cement in the desired proportions is thoroughly mixed dry and 
placed in a cylinder that can be revolved, together with a num- 
ber of flint pebbles, so that the proportion of the cement, sand 
and stone will approximate that desired in the actual work. 
To this mix is added enough water (generally about 50 per cent 
more than needed for normal consistency) to make a mortar 
having work consistency. The cylinder is then closed and 
revolved for five minutes. The flint pebbles are picked out by 
hand and the mortar is made into briquettes. This test more 
closely approximates the conditions found in actual work, and 
the strengths obtained from briquettes made from such a mortar, 
though, as a rule, far below those obtained from a mortar of 
normal consistency, correspond to those that may be reasonably 
expected from the mortar if the sand and same cement are used 
in construction. 

It is to be noted that in most cases, using the same cement, 
more water will be needed to bring a natural sand to normal 
consistency than is necessary with Ottawa sand. This dif- 
ference in the amount of water required is accounted for by the 
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difference in granulometric grading, the work sand, as a rule, 
having the greater amount of fine material, and hence more 
surface to be covered and a larger percentage ‘of voids. 

Further, it is to be noted that the strengths obtained from a 
natural sand when made into a mortar of normal consistency 
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Fic. 1.—Graphical Development of Data in Table I. 


are often equal to or greater than those obtained with the same 
cement, using Ottawa sand. When the same natural sand and 
cement are made into a mortar of work consistency, which 
requires about 1} times as much water as for normal consis- 
tency, the reduction of strength will be more or less marked, 
depending on the character of the natural sand. The strength 
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of all sand mortars is affected by the amount of water used over 
that required for normal consistency. The more water used, 
the greater will be the loss in strength at early periods. The 
nearer a natural sand approaches the ideal in physical and 
chemical composition, the less will be the loss in strength for 


Normal Consistency. 


"Average 


Tensile Strength, Ib.persq.in 


Percentage Passing No.40 Sieve. 
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Tensile Strength, Ib.persq.in 


Percentage Passing No.40 Sieve. 
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Period. 
Fic. 2.—Graphical Development of Data in Table II. 


each additional per cent of water added. The amount of water 
required to bring a given sand to work consistency forms one 
of the best measures of the quality of sand. 

In mixtures using 50 per cent more water than required to 
produce normal consistency, Ottawa sand and good natural 
sands lose from 25 to 35 per cent of their strength up to 
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the 28-day period, while a poor sand may lose as much as 70 
or 80 per cent of the strength developed when made into 
mortars of normal consistency. It has been found by ex- 
perience that with two sands, other things being equal, the 
one having the smaller amount of fine material will have the 
less amount of surface to be covered, and when mixed with a 


600 90-95 
Normal Consistency, -95+ 
500 
400 
© 500 300 . 
= 400 200 4 
100 
» 200 0O 
2 100 300+ nd 
SS 
100 Minimum 
Work Consistency. d 
imum 
= 
wa sand 
rz 4 80-85 
200 0 > 
< Average = 
100 300} 4 
Ottawa Sand __ 
= 0 200 
= 80-85 
90-95 
Minime 
0 0 7T2Hours 7 Days 28 Days 


Period 
Fic. 3.—Graphical Development of Data in Table III. 


given amount of cement will need less water to produce a defi- 
nite consistency than the one containing a larger proportion of 
fine material. 

Many engineers maintain that in making comparative tests 
of sand, the same amount of water should be used with each 
sand, overlooking the fact that in actual work one sand will 
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require more water than another to bring the mortar to the con- 
sistency required by the work. We cannot assume that the 
same percentage of water will give the same consistency with 
two different sands. If this practice is followed one sand may 
have too much water and the other too little. In the actual 
work where the sand is to be used, a concrete of a certain consis- 
tency will be made with no regard to how much water is needed 
to obtain it, and in order that the test may give a correct indi- 
cation of the strength the sand will develop under actual work 
conditions, the test mortars should be made of a corresponding 
consistency. As stated before, most natural sands take about 14 
times as much water to produce work consistency as is required 
for normal consistency. This, however, is not true of Ottawa 
sand which, while taking less water to produce normal con- 
sistency, requires more than 50 per cent addition to, produce a 
mortar of work consistency. 
In general, it may be assumed: 


1. That the less water required to produce a mortar of a 
given consistency, the higher will be the strength developed by 
the sand. 

2. That the coarser the sand, other things being equal, the 
greater will be the strength developed. 

3. That the higher the silica content, other things being 
equal, the greater will be the strength developed. 

4. That where it is necessary to use sands of poor quality, 
loss in strength at early periods can be largely overcome by using 
a dry concrete. 

5. That the loss of strength is confined chiefly to short 
periods, being practically overcome with time. 


The graphical development of the results of the tests 
recorded in Tables I to III will help to make these points 
more clear (see Figs. 1 to 3). The tests were made during the 
past year, and cover sands received from various parts of the 
country, made up with various cements. It will be noted that 
while the average results conform to the general rules above 
given, the maximum and minimum show variations. This is 
due to the fact that other conditions may overcome, to some 
extent, the particular effect the results are intended to illustrate. 
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DISCUSSION. 


Mr. SANFORD E. THompson.—The quality of sand may Mr. Thompson. 
be considered in two general divisions: one with reference to the 
fineness or relative fineness of the particles and the other with 
reference to the impurities. The tests given in Mr. Reinke’s 
paper take up both of these indirectly. The quality of fineness 
is the easiest to determine, as it is shown simply by a mechanical 
analysis test, from which one who is experienced in the testing 
of sands can draw certain general conclusions. If, however, the 
sand contains impurities, which frequently cannot be determined 
by the eye} any conclusions based on the sizes or relative sizes of 
the grains are overturned. Assuming, however, that the question 
of special impurities is left out of consideration, the first conclu- 
sion drawn by Mr. Reinke, that the smaller the quantity of water 
required to produce a mortar of given consistency the higher 
will be the strength developed by the sand, is a rational one. 
A fine sand, as is well known, takes much more water to produce 
a certain consistency of mortar when mixed with cement than 
does a coarse sand. A fine sand makes a weaker mortar than a 
coarse sand because of the lower density. These two conditions 
are directly related, because if a mortar is less dense it must have 
more voids, and in the first mixing of the mortar these voids are 
filled with water. Consequently, when the mortar does require 
an excess of water, it is evident that the mortar produced will , 
‘be less dense, and consequently will have lower strength. 

In order to make such a test of practical use, a more well- 
defined test for consistency must be formulated than any which 
we now have. 

In Mr. Chapman’s paper a method of test for consistency is 
suggested which is worth further investigation. A committee 
of which Mr. Chapman and the speaker are both members 
has used a similar test in determining the consistency of speci- 
mens of concrete used in a series of tests which the various 
college laboratories have been making under the auspices of 
this committee, 
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I am not yet convinced that the introduction suggested 
by Mr. Reinke of the tension test for sand mortar, in which 50 
per cent excess of water is used, is necessary in order t» properly 
examine asand. Undoubtedly an excess of water, especially with 
a sand containing a large proportion of fine particles, will give a 
lower ratio of strength compared with standard sand mortar 
of the same consistency than will tests with normal consistency. 
This, however, involves again the lack of a standard method of 
comparing the consistency of the standard sand mortar and of 
the mortar in question. Furthermore, the test using normal 
consistency alone I have always found to show up a sand which, 
on the one hand, is liable to give trouble in the work, or on the 


' other hand, is incapable of ultimately producing a satisfactory 


strength in concrete. 

The further conclusion that concrete of dry consistency 
should be used with a poor sand, while theoretically ‘of interest, 
is difficult to apply in practice, because the consistency of a 
concrete usually has to be governed by the nature of the con- 
struction. A plastic concrete of a jelly-like consistency always 
produces stronger concrete than a wet mix and is to be preferred 
where conditions admit of its use. It is absolutely necessary, 
however, to employ in reinforced concrete a consistency suffi- 
ciently wet to flow around the steel and into the corners of the 
forms and, in rubble concrete, to flow around the large stones. 
There is, however, a tendency on the part of many builders 
to fail to appreciate the greater strength of a plastic mix, and to 
use a much wetter consistency than is required. A caution on 
this point is therefore timely. 

Mr. W. B. REINKE.—Not long ago we had occasion to test 
sand which contained a whole lot of finely divided mica. It was 
tested normally and gave excellent results. Not long afterwards 
the structure itself started to fail and the cement was blamed. 
We made further investigations, and found that by making a 
slushy mixture of this sand and cement we got miserable results, 
which barely showed any strength at all. Since then we have 
been testing all sands with this excess gaging because poor sand 
will then be shown up; even Ottawa sand loses strength, and as 
Mr. Thompson has just said, a wet consistency is what we 
require in the field. 


4 
= 
‘a 
~ 
{| 
| 
| 
ug 
> Mr. Reinke. 
4 


DISCUSSION ON TESTING OF SAND. 809 


Mr. Tuompson.—I should like to ask Mr. Reinke whether, Mr. Thompson, 
where it showed up well, he used the same percentage of water 
he did with the standard sand. 
Mr. REINKE.—In reply I may say that we worked alto- Mr. Reinke. 
gether for consistency; we used the same consistency as the 
normal consistency of Ottawa sand. 
Mr. H. S. SpackMAn.—I should like to say in connection Mr. Spackman. 
with Mr. Thompson’s last question that I conceived the same 
idea and thought that the varying of the amount of water with 
each sand so as to reach the same consistency with both sands 
was improper, and I had a series of tests made, using the same 
amount of water for the work sand as for the Ottawa sand; but I 
found this method was absolutely impracticable, the results being 
most erratic. In most cases we had entirely too little water for 
the work sand. We then increased the water used with the 
Ottawa sand, taking the average of the amount required for 
the twosands. This also gave very erratic results. We had too 
much water for the Ottawa sand and too little for the work sand. 
I think the practice of requiring a standard consistency, whether 
it be a normal consistency, as required by the standard methods 
for testing cement, or the consistency of the mortar as used in the 
work, the proper one. I believe that in order to obtain results 
of any value, the amount of water must be varied to meet the 
requirements of each sand. 
Mr. GeorcE O. Hays (by leiter).—I should like to call Mr. Hays. 
attention to one or two general requirements for a good concrete 
sand not mentioned by Mr. Reinke in his very interesting paper, 
emphasize some of the points that he has endeavored to bring 
out, and take exception to others. 
The hardness of the separate particles of aggregate is an 
important determination, increasing with the age of the concrete. 
As the cement becomes hard, there is a greater tendency for the 
stones themselves to shear through, thus bringing the degree 
of hardness into play. The grains should offer as high a resist- 
ance to crushing as the cement after attaining its best strength. 
The ability of rock effectively to resist varied weather 
conditions, which concerns the texture and mineralogical com- 
position of the material, is a very necessary quality when con- 
sidering it for use in concrete. The presence of feldspar, mica, 
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hornblende, etc., in trap and granite does not appear to be 
especially detrimental to their weathering properties, but the 
opposite usually holds true when these minerals occur in gneisses, 
probably due to the different manner in which they are con- 
tained. The presence in aggregates of even small amounts of 
metal, such as copper, nickel and iron, as well as sulphur, fre- 
quently results in the disintegration of concrete. 

The shape of rock particles determines to some degree the 
strength of the mortar or concrete. A flat-grained material 
packs less closely, and is generally inferior to material composed 
of particles of cubical fracture. 

I wish to commend the statement that all comparative sand 
tests of cement-sand mortar should be based on compressive- 
strength values instead of tensile-strength values. The com- 
pression tests possess a great advantage in that they conform in 
most cases to the conditions of actual construction, since concrete 
is never designed to withstand tensile stresses. Furthermore, 
there is no constant relation between resistances to compression 
and tension. A study of the results of extensive tests conducted 
in the laboratory of the Universal Portland Cement Co., on a 
large number of widely different sands, shows that the ratio 
between compression and tension may vary within limits giving 
a range of several hundred per cent. On 22 different sands 
tested some years ago by the Structural Materials Division of 
the United States Geological Survey, at St. Louis, this ratio 
betwéen compression and tension was found to vary practically 
between 3 and 24. Some one has figured out an empirical formula 
expressing the actual ratio found for each of these 22 sands, 
but it stands to reason that this formula would not hold for 
other sands. Attempts have been made to place this ratio at 6 
or 8, but what is to prevent it from being any value from 3 to 
24? In one case the assumption would be unsafe, in the other 
uneconomical. Undoubtedly compression tests furnish the real 
measure of the strength of mortars. 

The statement is made that the less water required to pro- 
duce a mortar of a given consistency, the higher will be the 
strength developed by the sand. The truth of this statement 
depends upon the primary causes, as the amount of water nec- 
essary to produce a given consistency for any sand depends 
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upon the quality and condition of the material. Assuming that 
the aggregate is free of non-siliceous material, the amount of 
water required to give the mortar a certain consistency, over 
that required by the cement itself, depends largely upon two 
things—the grading and surface condition of the separate 
particles. The grading determines the relative amounts of 
coarse, medium and fine grains, and thereby the amount of sur- 
face area to be taken into account and the percentage of voids. 
The surface area of particles and percentage of voids in the mass 
do not go hand in hand, but both depend upon the grading of 
particles, and both affect the amount of surplus water required 
to attain a certain consistency in mortar. The surface con- 
dition has to do with the cleanliness of the particles, which, in so 
far as the amount of water is concerned, reverts to the matter 
of absorption. In general, therefore, the less the amount of 
water required to produce a mortar of a given consistency, the 
higher will be the strength, other conditions being equal; but 
only too often in actual practice the other conditions are not 
equal, in which case an investigation of these conditions becomes 
of real importance. 

I question both the advisability and truth of the statement 
that where it is necessary to use a sand of poor quality, loss of 
strength at early periods can largely be overcome by the use of 
a dry concrete. 

The coarseness as well as the fineness of a good concrete 
sand is limited. The best sands will show not more than 40 per 


Mr. Hays. 


cent retained on the No. 10 sieve and not more than 5 per cent 


passing the No. 80 sieve. Both affect the grading. 

There should be a standard set of specifications for the 
selection of concrete aggregates, especially sand; but such 
specifications would have to be very comprehensive and adapt- 
able to different localities and different conditions, and probably 
can never be made with marked success until they are preceded 
by and based upon more thorough and extensive investigation 
than has yet been conducted. 

Mr. REINKE (Author’s closure by letier)—In answer to Mr. 
Thompson, I desire to take the stand that our experience has 
shown that normal-consistency gaging of mortars does not show 
up the strength value of the material in actual use. We grant 


Mr. Reinke. 
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that there is no standard method of determining consistency, 
either normal or wet, but with practice any given consistency of 
any number of sands can be determined by an experienced 
operator with a very small percentage of error. 

Our experience, and probably the experience of others, 
demonstrates beyond question that a wet mix will not give the 
strength obtained from a normal one, no matter whether the 
sand is good or poor. It would seem to be plain that the abrasive 
action of the water and pebbles, used in the method described in 
this paper, wears down the poor material in a given sand, and 
that consequently the poorer the sand the greater the amount 
of wearing away or turning into mud of the particles of sand. 

Mr. Hays’ statement that hardness is necessary in sand is 
fully answered by the reference to silica content. His other 
point in regard to the shape of the grains, etc., is well taken. 
These discussions, however, cover chiefly natural sands where 
the particles may be assumed to be, for the most part, spherical. 
His other remarks seem to be chiefly elaborations of statements 
in the paper as a whole, and are altogether commendable and in 
agreement with general experience. 

In regard to questioning the truth of the statement, that if 
a poor sand must be used, loss of strength at early periods can 
be largely overcome by the use of a dry concrete, it may be said 
that this statement is based on the point brought out that a 
given mortar, whether composed of a good or a poor sand and 
cement, will develop at earlier periods greater strength with a 
“normal-consistency”’ gaging than with a “wet-consistency” 
gaging. 

The whole subject of sand testing is one of great importance, 
and, as Mr. Hays truly says, no standard set of specifications 
can possibly be formulated unless they are based on thorough 
and extensive investigation. 

The paper was presented with a view of eliciting discussion 
and, if possible, to lead to the creation of a committee on speci- 
fications for concrete aggregates. 
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ACTION OF VARIOUS SUBSTANCES ON CEMENT 
MORTARS. 


By RicHarp K. MEADE. 


The following experiments on the action of various sub- 
stances on cement mortars were begun some five or six years ago, 
about the time that the agitation over the destruction of con- 
crete by the alkaline waters of the West was first started, and 
were undertaken not only to see if such action was really likely 
to take place, but also to determine which of the salts ordinarily 
found in ground waters were the cause of such destruction. 

The salts usually found in the so-called “alkali waters” 
of the West are also those which occur in sea water and are those 
present in largest amounts in many spring and river waters. 
They are sodium chloride, magnesium sulphate, calcium sul- 
phate, sodium sulphate and sodium carbonate. In order to 
test the effect of solutions of these substances on cement mortars, 
a sample of normal Lehigh Valley cement was selected and 
from it a large number of sand briquettes were made. 

Analysis and tests of the cement are given in Table I. 


’ TABLE I.—ANALYSIS AND TESTS OF THE CEMENT EMPLOYED. 


ANALYSIS. 
6.96 

PuHysIcAL TESTs. 

SounDNEss. 

O. K. O. K. 
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TABLE I—(Continued). 
Serrina Time. 


TENSILE STRENGTH, LB. PER 8Q. IN. Neat. Sand. 


All briquettes were made from a mixture of one part cement 
and three parts standard Ottawa sand. They were allowed to 
harden 28 days in air and then immersed in a solution of the 
salt. The briquettes were piled in such manner that the solu- 
tion had access to almost their entire surface. Each figure given 
in the following tables is the average of tests on five briquettes. 

The solutions in all cases except that of the calcium sul- 
phate, which was a saturated solution, were made up of one 
part of the salt to 100 parts of water, to form practically a 
1-per-cent solution. At first the solutions were changed every 
few days, but after the first month the solutions were changed 
weekly and after the first year less often. The results obtained 
are given in Table II. 


TABLE II.—AcTION OF VARIOUS SALTS ON CEMENT MORTARS. 


Tensile Strength, lb. per sq. in., after immersion in 
Age in 
Solution. Magnesium | Magnesium Calcium Sodium Sodium Sodium 
Sulphate. Chloride. Sulphate. | Sulphate. | Chloride. | Carbonate. 
O days!..... 219 219 219 219 219 219 
T Gcccces 268 245 227 257 236 225 
28 days...... 272 300 300 334 268 277 
3 months... 287 315 334 354 299 324 
6 months... 196 202 314 378 287 320 
Cs Disintegrated 115 209 271 310 337 
2 years..... ae Disintegrated| Disintegrated 141 325 360 


1 The briquettes were aged 28 days in air before immersion. 


First it should be remembered that the 28-day strength of 
briquettes kept in air is much less than that of those kept in 
water. As will be seen from the results given in Table II, the 
sulphates have a marked action on concrete, which seems to be 
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most apparent in the case of the magnesium salt. The action 
of magnesium sulphate on cement mortars has been discussed 
quite voluminously of late and I will not go into it to any length 
in this paper beyond stating that we carefully analyzed the 
affected portion and the unaffected portion of a sand briquette 
which had been stored in a solution of magnesium sulphate. 
These analyses are given in Table III. 


TABLE III. 


Berore UnNarrecTep AFFECTED 
Immersion. PorTION. PorTION. 


75.12 73.96 60.40 
Oxide of iron, per cent............ 0.52 0.60 0.30 
DOF CORE... 1.30 0.64 
pe 14.80 14.50 14.21 
Magnesia, per cent................ 0.70 1.66 3.64 
Sulphur trioxide, per cent.......... 0.33 0.83 5.78 
Loss on ignition, per cent.......... 7.02 7.14 14.97 


The large increase in the magnesia and sulphur trioxide 
and the decrease in the oxides of iron and alumina indicate the 
elements which react with each other. ‘The loss in silica may 
be due to chemical action also, but as the surface of the bri- 
quettes was very much attacked and the sand grains could be 
scraped away with the finger, I am inclined to think that the 
lower silica in the disintegrated portion was probably due to 
mechanical causes rather than chemical action. It will be 
noted that in almost all cases the first effect of the solution was 
to increase the strength of the briquettes and that signs of dis- 
integration in no cases became evident until after a period of 
three months in the solution. 

Some of the briquettes were even boiled in a 5-per-cent 
solution of magnesium sulphate for several days, and in all cases 
the briquettes were much stronger after boiling than they were 
before and fully as strong as briquettes boiled in pure water, 
showing how slow the action of the sulphates is. 

The briquettes which failed were considerably swollen and 
presented much the appearance of a baked potato which had 
burst its jacket. 

Various authorities have proposed at different times the 
use of divers ingredients in concrete exposed to sea water, with 
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a view to their reacting with the salts of the latter to form 
insoluble compounds which would protect the concrete. Most 
persistently suggested of these are the salts of barium, which 
form with soluble sulphates insoluble barium sulphate. I 
tried both barium chloride and barium carbonate. These were 
ground very finely and mixed with the cement. I employed 
2 per cent of barium chloride with the cement, and also 2 per 
cent and 5 per cent of barium carbonate. Sand briquettes were 
made from these mixtures and the test pieces stored in a mag- 
nesium sulphate solution containing 10 grams of the salt to the 
liter. The results are given in Table IV, and, as will be seen, 
none of these compounds arrest the destruction. 


TaBLE IV.—AcTION OF MAGNESIUM SULPHATE ON CEMENT MORTARS 
CONTAINING BARtuM COMPOUNDS. 


Age in 1-per-cent Tensile Strength, lb. per sq. in., of briquettes containing 
of 
agnesium 
2 per cent of 2 per cent of 5 per cent of 
Sulphate. Barium Chloride. Barium Carbonate. Barium Carbonate. 
213 246 346 
ee 306 311 346 
265 204 274 
146 Disintegrated Disintegrated 


1 The briquettes were aged 14 days in air before immersion. 


Some years ago an English chemist suggested the use of 
finely ground, burnt red brick as an admixtu:e for concrete 
which was to be used in sea water. After reading this paper it 
occurred to me that the resistance to sea water claimed for high- 
iron cements might be due to the presence of oxide of iron in 
the cement. I therefore had sand briquettes made up contain- 
ing oxide of iron in various forms and conditions, namely, red 
or ferric oxide, magnetic oxide of iron, venetian red (an impure 
oxide of iron made from low-grade iron ores, so-called ‘‘paint 
ores”’ of the Lehigh district), and finely ground red brick, using 
of these 5 per cent of the weight of the cement in each case and 
placing the briquettes in a 1-per-cent solution of the magnesium 
sulphate. The results are given in Table V. As will be seen 
the additions of iron compounds are in no way beneficial to 
cements to be employed in sea water. 


| 
% 
ik: 
| 
4 4 | 
k 
| 
fy 
va 
* 


MEADE ON CEMENT MortTArs. 817 


TABLE V.—ACTION OF MAGNESIUM SULPHATE ON CEMENT MortTArs CONTAIN- 
ING IRON OxIDEs, Etc. 


Tensile Strength, lb. per sq. in., of briquettes 


Age in 1-per-cent containing 5 per,cent of 


Solution of 
Magnesium 
Sulphate. 


Ferric Oxide. | Magnetic Oxide. 


Venetian Red. Brick Dust. 


205 
Disintegrated Disintegrated 


1 The briquettes were aged 14 days in air before immersion. 


I next tried waterproofing the mortar on the theory that 
if the circulation of water through the pores of the mortar could 
be stopped no chemical action could take place. I employed for 
this purpose both a high-calcium and a magnesian-hydrated 
lime, road oil (as recommended by Page), a mixture of silicate 
of soda solution and fish oil (a well known waterproofing 
compound), and lime soap (the basis of many waterproofing com- 
pounds). I also tried dipping the briquettes first in a hot solu- 
tion of soap and then in one of alum (Sylvester’s Process). The 
results of the tests of sand briquettes made from these mixtures 
and stored in magnesium sulphate solution (10 grams to the 
liter) are given in Table VI. 


TABLE VI.—AcTION OF MAGNESIUM SULPHATE SOLUTION ON SO-CALLED 
WATERPROOFED MORTARS. 


Tensile Strength, lb. per sq. in., of briquettes containing 


Age in 
1-per-cent 
Solution of |15 per cent of 15 per cent of Treated 
Magnesium ydrated ydrated /10 percent of/2 per cent of|2 percent of} with Alum 
Sulphate. Lime Lime Oil. |Lime Soap.| Oil-Silicate| and Soap 
(Calcium). | (Magnesian). Soda. . 


1 The briquettes were aged 14 days in air before immersion. 


It will be noted that, while the disintegration is evidently 
taking place in these test pieces, all of these compounds seem to 


0 days'........ 218 225 165 170 
275 280 225 220 
310 340 300 275 
355 340 345 310 

6 months........ 310 280 

b 
Odays!.....| 215 215 165 185 160 220 
7 days...... 215 225 200 210 200 235 et 
28 days...... 315 320 210 250 245 275 ee 
3 months... 245 260 260 275 260 265 es 
6 months. . . 200 245 210 230 225 215 pS 
1 year...... 120 105 140 180 165 185 ee 
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arrest it to some extent at any rate, and in the case of the lime 
soap and Sylvester Process this is quite marked. 

« TIalso investigated the action of magnesium-sulphate solu- 
tion on cements high’ in silica. For this purpose, samples of 
commercial cement, one high in silica and low in alumina and 
one low in silica and high in alumina, were selected; sand bri- 
quettes were made of these and immersed in a solution of mag- 
nesium sulphate containing 20 grams to the liter, or practically 
a 2-per-cent solution. The cements selected had the following 
analyses: 


Low-aLuMINA HIGH-ALUMINA 


CEMENT. CEMENT. 
Iron oxide, per cent ...... 2.25 2.56 
63.55 63.12 
Sulphur trioxide, per cent............+..0- 1.51 1.66 


As will be seen from Table VII, the low-alumina cement 
resists the action of magnesium sulphate much better than the 
high-alumina one. 


TatLeE VII.—AcTION OF MAGNESIUM SULPHATE SOLU- 
TION ON HiGH AND Low-ALUMINA CEMENTS. 


. per sq. in., o 
Age in 2-per-cent Solution of 
Magnesium Sulphate. High-Alumina | Low-Alumina 
ment. Cement. 

225 

430 
402 476 
Disintegrated 500 


1 The briquettes were aged 14 days in air before immersion, 


In the above experiments, both cements were commercial 
cements; but the high-alumina cement when received was not 
quite so finely ground as the other one, so it was ground to 
practically the same degree of fineness in a small jar mill (or 
to 86.2 per cent passing the No. 200 sieve), so that the fineness 
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of the two samples might in no way influence the results. Both 
these cements were made from cement rock and limestone. 

In connection with the use of concrete for mine props, 
where it is often exposed to the action of dilute solutions of sul- 
phuric acid, the following experiment was tried: Sand _bri- 
quettes were allowed to harden 28 days and then were placed 
in a solution containing 250 grains of sulphuric acid (H:SO,) to 
the gallon. The solution was changed frequently and the bri- 
quettes broken at regular intervals. The disintegration of 
concrete by such acid water is shown by the following: 


Age in solution.... Odays 7 days 28days 3 mos. 6 mos. 1 year 
Tensile strength,lb. 226 299 300 280 176 ~— disintegrated 


Several years ago the question of the action of oil on con- 
crete was brought up at one of the meetings of this Society in 
connection with a paper by Professor Carpenter. In his experi- 
ments, oil was mixed with the concrete. In the discussion which 
followed the reading of the paper, a number of gentlemen sug- 
gested that what was needed most was information relative to 
the action of oil on concrete which had already hardened, in 
view of the employment of concrete for machinery bearings, 
engine room and factory floors, etc., where it is subjected after 
being fully hardened to the oil which leaks from the bearings of 
the machinery. I went home from this meeting and had a 


! 


number of sand briquettes made and allowed them to harden 


2 weeks in air. These were stored in air, in engine oil, in 
cylinder oil, and in black oil, and broken at stated periods. 
The results are given in Table VIII. 


TABLE VIII.—AcTION oF LUBRICATING OILS ON CONCRETE. 


Tensile Strength, lb. per sq. in., of briquettes kept in 
Age in Oil. 
Air. Engine Oil. Cylinder Oil. Black Oil. 

248 252 235 234 

240 273 222 

months........ 287 251 221 181 

6 months........ 303 232 209 131 
293 231 203 Broke in clips 


1 The briquettes were aged 14 days in air before immersion. 
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It will be noted that the engine oil and the cylinder oil 
have practically no effect upon concrete. One would think 
that as the latter has a considerable proportion of animal oil 
in its composition it would be apt to appreciably affect con- 
crete exposed to it. On the other hand, the action of the black 
oil seems strange in view of the fact that it is a straight mineral 
product. All of these briquettes had absorbed considerable oil, 


the actual gain in weight of each set at the end of the year being 
as follows: 


10.6 per cent 
In black oil......... ae 


The briquettes in the black oil had not swollen perceptibly 
and seemed merely to be weak. 

The experiments given above were all made upon very 
small test pieces and hence the action of the solutions upon them 
was much more rapid than it would be upon a large mass 
of concrete; and while in most of the above cases a year was 
sufficient to completely disintegrate the test pieces, in a large 
body of concrete such as a pier or wall, many years would be 
required to bring about this result. The experiments merely 
serve to show that even very dilute solutions of the salts of 
magnesium and the sulphates in general do have a destructive 
action on concrete and that the generally proposed remedies 
do not appreciably retard this. They indicate the desirability 
of employing low-alumina cements in sea-water construction. 
The experiments with the oils show that no destructive action 
is likely to take place where cement is used for floors in machine 
shops and engine rooms. 
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very similar to Mr. Meade’s, and my findings have been almost 
the same as his, in so far as our work covered the same ground. 
I want to take this occasion to make a suggestion which I hope 
every one interested in this subject will follow up. I believe 
the Montana Experiment Station is correct in stating that the 
reason for the disruption of concrete under the action of alkali 
water is that sulphated waters, in filtrating into concrete, pro- 
duce a chemical reaction that changes the calicum hydrates 
into calcium sulphates. Since the volume of calcium sulphate 
is greater than the volume of calcium hydroxide, a molecular 
force is produced which disrupts the concrete. It occurred to 
me that by adding some form of soluble commercial sulphate 
to the water before the concrete is mixed, it might be possible 
to take care of a sufficient quantity of the calcium hydroxide 
to prevent subsequent disruption. About five years ago I had 
a series of briquettes made up in which I used a number of soluble 
sulphates. The only briquettes that seemed interesting from 
the point of view of strength and appearance were those made 
with ferrous sulphate or ordinary commercial copperas. These 
briquettes when allowed to soak in alkali water for one year, 
instead of disrupting, developed a flinty hard consistency with 
very high tensile strength. Some of these briquettes broke at 
1100 lb. per sq. in. The subject seems worthy of further study. 

Mr. A. T. GoLtpBEck.—It may be interesting to note the 
results of Mr. Page’s experiments on oil-concrete mixtures im- 
mersed in alkali water. Mortar briquettes mixed in the propor- 
tions of one part of cement and three parts of Ottawa sand, some 
with no oil, some with 5 per cent oil, and some with 10 per cent 
oil added to the mixture, were soaked in various solutions, 
including sodium chloride, sodium carbonate and sodium sul- 
phate. The effect of the sodium chloride and sodium carbonate 
was practically nil; the sodium sulphate disintegrated the plain 
1: 3 mixture before the end of a year; the briquettes containing 
a 5-per-cent mixture of oil were disintegrated to some extent; 
(821) 


Mr. A. S. CusHMAN.—I have conducted some investigations Mr. Cushman. 
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whereas those containing a 10-per-cent mixture of oil were 
practically intact at the end of a year, showing that the oil had 
a beneficial effect in retarding the action of the alkali water on 
the mortar. 

Mr. P. H. WALKER.—Black oil is not a uniform material; 
it is known that certain mineral oils have naturally some organic 
acids or some acids at any rate, whatever they may be, aside 
from mineral acid, and it is also possible, I think, for an oil of 
this kind to contain sulphuric acid. I should like to know 
whether this oil was tested for acids. 

Mr. Ricnarp K. Meape.—I am sorry that I cannot give 
you very much information about black oil. I have talked 
with a couple of petroleum refiners about it since my results 
were obtained and they told me it was a residual oil. They 
stated that it contained no acid and should contain, of course, 
no animal fat, so I am entirely at a loss for an answer. It isa 
heavy oil that is used for lubricating very heavy machinery. I 
know from practical experience that the action is only on the 
surface of the foundation, but here it does seem to be a little 
soft. In some foundations a little hole is often made for the oil 
to run in, and if you will scratch around in this with a knife or 
lead pencil, you can usually scrape off some of the cement. 

Mr. SANFORD E. THompson.—-To determine the compa-~ 
rative chemical action of sea water upon different cements, Mr. 
Feret in France has suggested a simple accelerated test.'!_ The 
cements to be tested are each mixed with fine crushed marble 
in proportions 1 part of cement to 3 parts of marble, by weight, 
and into this mixture is introduced varying percentages of 
gypsum ranging from 5 to 20 per cent of the weight of the 
cement. The principle involved is that the gypsum will produce 
accelerated action so that in a very short period of immersion 
in fresh water the relative effect upon the specimens will be 
comparable with the effect upon the same cement made into 
ordinary cement mortar or concrete and immersed in sea water 
for a long period. . 

Not long ago, in connection with the construction of the 
sea walls for a large power station in Boston harbor, I made a 


1“Effect of Sea Water upon Concrete,” by R. Feret in ‘Concrete, Plain and Rein- 
forced,’’ Second Edition, p. 314. 
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series of tests along these lines. 


TABLE I.—EFFECT OF SEA WATER UPON MORTARS OF DIFFERENT 
PROPORTIONS MADE WITH THE SAME CEMENT AND STANDARD SAND. 
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Some half dozen representative Mr. Thompson. 
brands of cement were selected, and briquettes were made up, 

as described above, using 20 per cent of gypsum, and immersed, 

after hardening, in fresh water. 
difference between the brands was in many cases very distinctly 
marked. Chemical analysis of the cements showed that those 
with the smallest percentage of alumina stood the test much 
better than the cements containing higher alumina. The 


At the end of two months the 
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Tensile Strength, lb. per sq. in., at 


Propor- Immersion. 
tions. 
28 days. | 3 months. | 4 months. | 5 months. 

i:3 340 378 370 oe 
1:3 Sodium sulphate............. 310 0 0 eos 
1:22 | Plain water................. 381 465 
1:2 | Sea water..............0000. 409 446 503 331 
1:2% | Sodium sulphate....... 359 117 0 0 
3:33 485 545 
133 480 553 530 505 
333 Sodium sulphate........... 457 408 346 
1:12 | Plain water................. 532 565 - 
1:11 | Sodium sulphate............. 591 547 545 503 


briquettes made with cement containing less than 7 per cent 
alumina were hard and sound, while the briquettes with cement 
having more than 7 per cent alumina were soft and swollen. 
As a result of the tests, a brand of cement low in alumina was 


selected for the job. 


The effect of sea water upon standard sand briquettes of 
different proportions is shown in the tests recorded in Table I. 
The sea water was concentrated by evaporation to double 
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strength, while the sodium sulphate solution was practically 
saturated. Although the tests were not carried to a long enough 
period to produce disintegration in the richer mixtures, the 
results indicate the relative effect of rich proportions and also 
afford some comparison of the action of concentrated sea water 
and sodium sulphate solution. The cement is one of the standard 
brands made in the Lehigh Valley. 

Mr. P. H. Bates.—The Bureau of Standards has recently 
published a paper on the effect of alkali and salts present in sea 
water on concrete. The paper covers the whole field that has 
been discussed here, and gives more results than have been 
brought forward at any one time. I do not think, however, that 
any mention is made of the action of ferrous sulphate. This 
was tried, however, but it disintegrated the mortars used so 
rapidly that little work was done with it. I might mention that 
the first disintegration of concrete that ever came to my atten- 
tion was the partial destruction of the concrete lining of a rail- 
road tunnel which pierced a coal vein. The water percolating 
through this coal, before coming in contact with the concrete, 
took up large amounts of acid ferrous sulphate into solution, 
and this caused the disintegration of the concrete. 

Though the Bureau of Standards did present a great num- 
ber of results in this paper, it cannot be said that it showed con- 
clusively what took place when this disintegration occurred. 
As Mr. Meade has shown, various salts either produced or did 
not produce a reduction in strength, but what caused this 
action has not been shown, and I cannot conceive how this 
latter can be accomplished until we know what takes place in 
cement when it hydrates in the presence of pure water. Know- 
ing this, we can readily determine what will take place when 
various salts are present in the water. 

Mr. H. S. SpackMAn.—I should like to say very briefly in 
this connection that the action of the salt added to the cement 
in the gaging water before setting is very different from the 
action of the solution of the same salts penetrating the mortar 
after the setting. If the salts are added during the plastic 
period, and the formation of new compounds is accompanied 
by expansion, the cement adjusts itself to them. If the solution 
is absorbed after the cement has set and hardened, the mass is 
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too rigid to allow of expansion without strain. I think this Mr. Spackman. 


accounts for the different action of salts absorbed by the con- 
crete after it has set, and those during the period of setting. 

Mr. Bates.—Mr. Richard L. Humphrey was one of the 
first to examine the concrete in connection with the Reclama- 
tion Projects of the United States Government in the West. 
He collected a large number of samples; later, I went out, and 
since then Mr. Wig, of the Bureau of Standards, has gone over 
a number of the projects. I collected alkali analyzing 90 per 
cent sodium sulphate on concrete. The disintegration takes 
place between the high and low water. Where the water seeps 
up through the ground around the concrete, the ground will 
be white with the alkali during some seasons. In such cases 
saturated solutions of the alkali are acting on the concrete. 
We find generally the same results as those obtained by Mr. 
Meade: the sulphates of soda are very active but the sulphates 
of magnesia are more so than the sulphates of soda. The presence 
of chloride of magnesia accelerates the disintegration. 

Mr. R. J. Wic.—Although we have no satisfactory explana- 
tion of the reactions that take place in the hardening of cement, 
we must continue to build structures exposed to the action of 
sea and alkali waters. We have to have assurances as to their 
permanency, which makes it necessary that we should carry on 
physical tests simply to develop the permanency of the material, 
for it may be years before we can actually determine the 
reactions which are taking place. The Bureau of Standards 
has made a survey of practically all the important concrete 
structures on the Atlantic seaboard, along the eastern portion of 
the Gulf Coast and at Panama, which are exposed to sea-water 
action, and there is not one case in which we can say that the 
destruction is due entirely to decomposition by the salts in sea 
water. There are cases of failures but their cause is entirely 
open to question. Where the surface was badly pitted or broken 
away, either through faulty workmanship or abrasion due to 
floating articles in the water, the exposed cement in some cases 
had softened somewhat. We have an instance of some concrete 
cubes, a cubic meter in size, which were made up by the French 
at Panama prior to the assumption of the Canal by the United 
States, in which decomposition of the aggregate is shown. Local 


Mr. Bates. 


Mr. Wig. 
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soft shales were used and they have badly decomposed showing 
marked pitting of the concrete, while the cement mortar is 
perfectly sound in most cases. Other cubes of approximately 
the same size were placed in sea water by the Americans in 1908 
and 1909, and in practically every case the edges of these cubes 
are perfectly intact, there being no indication whatever of dis- 
integration. 

Referring to Mr. Cushman’s remarks regarding the action 
of the sulphates, I should like to mention some results which we 
obtained. We made several thousand cement briquettes, increas- 
ing the sulphates in the cement by the addition of plaster of 
Paris. We found some of our strength values running up as 
high or even higher than those obtained by Mr. Cushman. 
The briquettes were also very brittle and hard, as he suggests, 
but I should like to point out one thing: that extreme care should 
be used in generalizing at all from any briquette tests, for very 
slight variations in the setting property of the cement will cause 
extreme variation in the results. If cement is exposed to alkali 
salts or sea water after it is a few hours old, say 24, it may 
disintegrate inside of 4 to 26 weeks; while if allowed to set for 
even two days before exposure, it may show no disintegration 
after a period of a year or more. 

While in the Southwest, we observed in New Mexico a num- 
ber of cases where the concrete was badly disintegrated by the 
sulphur waters and they are looking for some means of protec- 
tion. The sulphur content of the water is very high; I cannot 
say just what the percentage is, although we have analyses of it. 
A program of field tests has been outlined by the Bureau of 
Standards to determine the resistance of concrete in the form of 
drainage tile to the alkali found in the various states of the 
West. We are placing, in cooperation with the Agricultural 
Department and the Reclamation Service, running drains in 
some typical western states, including Utah, New Mexico, 
Montana, Wyoming, Arizona, Colorado and Washington. These 
drains will be continued for a period of years and accompanying 
tests will be made to determine the actual service value of tile 
of various mixtures. 

Mr. SpAcKMAN.—I should like to ask whether the Bureau 
of Standards has made any investigation to determine whether 
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there is a possibility of disintegration being developed through Mr. Spackman 


the mere crystallization of salts in solutions without any direct 
chemical attack on the cement medium itself, in the same 
manner as in the freezing test for stone, where the stone is 
immersed repeatedly in a solution of salts and dried, the crystal- 
lization on drying representing the expansive force of water on 
freezing. Has any such result been noted in this alkaline 
water? 

Mr. Wic.—The possibility of the disintegration of stone 
by crystallization of salts is just as great as in the case of con- 
crete, and undoubtedly in some cases, as shown in Technologic 
Paper No. 12 published by the Bureau of Standards, the 
disintegration is totally, or in large part, due to the rupture of 
the concrete from the expansion and mechanical action result- 
ing from the crystallization of the salts 


Mr. Wig. 
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TESTS OF NATURAL CONCRETE AGGREGATES. 


By R. S. GREENMAN. 


In June, 1911, there was presented before this Society by 
the writer a paper on “Practical Tests of Sand and Gravel 
Proposed for Use in Concete.’! The object of that paper was to 
show the aid of certain laboratory and field tests in the selec- 
tion of proper sands and gravels for general or special uses in 
concrete. The writer still stands by the deductions then made; 
but he wishes to show, under the head of “Tests of Natural 
Concrete Aggregates,” that these tests do indicate the relative 
values of fine or coarse aggregates in actual concrete, and also 
to add a few suggestions that might help the engineer or con- 
tractor in the choice of his aggregates. 

It is generally conceded that the relation of voids, loam and 
sizes of grains do have a bearing on the quality of the aggregates 
—the final essential quality of which is the ability to give 
strength. This strength of the materials has very generally 
been gaged by tensile tests, but it must be admitted that while 
these tests have given comparable results, they have not given 
actual results but results merely indicative of what the material 
may do. It must be admitted, too, that it is almost impossible 
to get tests of the actual concrete. Various methods of securing 
satisfactory test pieces and unique ways of testing concrete in 
place have been suggested but these have not, as a rule, been 
generally well received. The best plan to date seems to be to 
take samples of the concrete while being placed and mold them 
with as little work and as quickly as possible into small test 
pieces. These can be kept as near as possible in the same 
actual atmospheric conditions as the concrete from which the 
samples were taken. At regular periods these test pieces can 
be tested for compressive strength. 

That concrete test pieces so made give very little satis- 
faction in determining the qualities of concrete aggregates is 
quite a general opinion. Out of a large number of tests of con- 


1 Proceedings, Am. Soc. Test Mats. Vol. XI, p. 515 (1911). 
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crete cubes made in general as stated, the writer has endeav- 
ored to find out whether such is the actual case. Results of 
comparable tests were selected from series having similar char- 
acteristics; and after the results of the compression tests had 
been tabulated, the original laboratory tests of the aggregate 
were added to the tabulation. This statement is given so that 
an impression may not be had that the examples selected were 
specially chosen, but rather that they do indicate that the tests 
are correlative and corroborative. 

In considering results of tests little reliance should be 
placed on a single test piece. In Table I there are given results 


TABLE I. 
Concrete Tests. Sand Tests. 
: Tensile Strength 
Series Pepin Compressive Percentage of at 28 days, 
No.’ Gravel. Number! Strength Ib. per sq. in. 
of Cubes. itt 28 days, | 
. per sq. in. 
Run o : Bank | Standard 
Bank. | Voids. | Loam. Sand. | Sand. 
Bouctce 1:5.6 2 3465 40.7 26.7 4.6 343 272 
1 2611 
Av 3177 
1:6 1 3113 
1 2631 36.2 28.4 3.5 394 342 
Av 2872 
1:8.7 1 3109 
1 2606 
Av 2857 


of tests where the same brand of cement and the same gravel 
were used on each of three contracts by different contractors. 
Attention is called to the remarkable similarity of the average 
results secured and also to the fact that in each set of cubes the 
“low” block contained a “porous” bottom and gave practically 
the same results. There was a rather wide range between high 
and low “breaks’”—explained by the porous bottom—and this 
well illustrates the folly of basing conclusions on one test piece 
only. The gravel being used was the “run of the bank” and 
necessitated frequent field tests for characteristics to determine 
the proportions to be used. As a rule these proportions were 
1 part cement to 5.6 parts gravel to replace the 2.5 parts sand 
and 5 parts gravel required by the contracts. 
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In Table II another comparison will indicate results corrob- 
orating laboratory tests for relative values of sands. A different 
brand of cement from that in Table I was used, but the same 
brand was used for the three different series. Crushed stone 
from one quarry was also used for the coarse aggregate on all 
three contracts. The sands were from different banks, although 
series Nos. 4 and 6 were similar sands taken from adjoining 
banks; No. 5 was taken from a bank which has a characteristic 
quality peculiarly its own. 

Since the variable material here must be in the sand a 
study of the results readily shows that the tests do give corrob- 
orative results and that they should aid in the making a choice 
of the sand to be used. An explanation should be given to the 


TABLE II. 
Concrete Tests. Sand Tests. 
roportions, ‘ercentage at ays, 
Series No. Cement: Sand: Stone.| Num- a. Ib. per sq. in. 
ber of | ‘Strength, | —_——_———— 
Cubes. | jb. per sq. in. 
Voids. | Loam, | Natural | Standard 
Sand. Sand. 
1:2.0:4 3 2577 ree 
3 1755 35.3 1.2 201 322 
Dictceess 1:2.5:5 3 2651 26.9 4.2 308 295 


fact that here a richer concrete gave a lower result than did a 
leaner one. The richer concrete was for reinforced concrete and 
the test pieces plainly indicated that the concrete when placed 
was a rather wet concrete and would, of course, produce in the 
relatively early test a lower strength. The point is thus 
emphasized that it would be folly to accept any result of the 
test without noticing every characteristic of the test piece. 
In other words, judgment as to the value of the material 
must be based upon careful tests, study and common-sense 
perception. 

As a further illustration of the need of perception in draw- 
ing conclusions, the results of compressive tests made on four 
cubes of concrete received from one contract are given in Table 
III. All were made at the same time and from the same 
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materials in the proportions of 1 part cement, 2 parts sand and 
4 parts local gravel, washed and screened. 

It will be noticed that there is a fairly close “break” in 
the four blocks, but why not still better? An examination of the 
crushed blocks clearly showed that Nos. 2 and 3 contained a 


TABLE III. 
Compressive Compressive 
Series No.| Cube No. | Strength | Cube No. | Strength 

at 28 days, at 28 days, 
Ib. per sq. in. Ib. per sq. in. 

Saiccseeeee 1 2263 2 1944 

4 2288 3 1989 

Average 2276 Average 1967 


larger number of soft sandstone pebbles. It had been noticed 
in the examination of the gravel before its use that one of the 
objectionable features was the presence of soft sandstone pebbles. 
The test not only confirmed the judgment that they were a point 
of weakness in the gravel, but directly pointed out the fact and 
did not leave it a matter of personal opinion. 

And again along the same line of argument. A study of 


TABLE IV(a). 


Concrete Tests 
Proportions, 
Series No.|Cement: Sand: Gravel.) Average 
ber of | Compressive Strength 
Cubes. at 28 days, 
Ib. per sq. in. 
Sees 2 34 3 1514 
1:23.5:5 3 1593 
10.. 1:3.5:7 3 1234 
TABLE IV(d). 
1:2:4 (Gravel)! 3 2326 
1:2: 4 (Stone) 3 2473 
1 Washed and screened. 


Table IV(a) will show that specifications calling for definite 
proportions of materials do not necessarily provide for the best 
concrete by simply asking for richer proportions. In other 
words, a 1:2:4 mixture may not produce as good concrete as a 
1:2.5:5 mixture. Cubes apparently mixed with equal care 
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and from the same materials, but in different proportions, were 
submitted for tests. 

The richest mixture here gave slightly lower results than 
the next leaner. Reasoning as before, it might be said that it 
was because the consistency was different. This may be true; 
but an examination of the test piece showed no great difference 
in this particular. A comparison of the proportions and result- 
ing strengths will show, however, that the leanest mixture gave 
in proportion of aggregates to cement the relatively best result. 
Then would it not be fair to assume that the characteristics of 
the sand and gravel as to voids, grading, etc., had a decided 
effect upon the results of the tests, and that there is a relative 
proportioning that will give to the concrete the greatest strength 
the cement might be capable of producing? 


TABLE V. 
Concrete Tests. Sand Tests. 
Series) Sand Coarse Percentage of th 


Cubes. |,,2¢ 28 days, 

per sq. in.) Run 

of | Voids. Loam.| Bank Sranded 
and. 


Bank. Sand 
13...) A | Gravel and sand 3 2066 50. 27.5 | 2.3 284 278 
14...| | Gravel and sand 3 2298 65.2] 31.5 | 7.9 2801 314 
Screened vel 3 1954 55.2) 31.5) 7.9 2801 314 
16.. C | Graveland stone 6 1450 75.3| 32.5 | 0.5 188 281 


1 Washed sand. 


Examination of Table IV(}) will show that a little extra 
attention given to a material may result in a far better product. 
In series No. 11 the gravel was washed and screened with a very 
decided improvement in the material. The relative value of 
the gravel and crushed limestone is slightly in favor of the stone, 
in so far as the compressive strength is concerned. 

In another work the relative value of different sands and 
gravels and crushed stone was determined from a long series 
of tests. Some typical results were selected and are given in 
Table V. 

A further study of these results will show that the claims 
made previously in this paper are true, that there is a distinct 
relation between the effect of the aggregates in actual concrete 
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and the tests made in the laboratory. In these series the same 
cement was used in all tests. The gravel in the bank run was 
deducted from the stone used; the proportions used were 1 
part cement, 2.5 parts sand and 5 parts combined stone and 
gravel, except in series No. 15 where only screened gravel was 
used. Series Nos. 14 and 15 were made with a sand slightly 
inferior to No. 13 but had less of the gravel element. Series 
No. 16 had the larger stone element but was made of a relatively 
much poorer sand. 

In considering the relative value of the aggregates under 
inspection one cannot overlook the fact that concrete made 
from different cements will produce different strengths with any 
one aggregate; but it must be remembered that in considering 
the results of the tests, due allowance must be made for the 
relative early strengthening qualities of the cement being used. 
Hence, to expect or to specify that all concrete shall give a 
crushing strength of any given number of pounds would not 
mean that the aggregates would be especially good, but rather 
that the cement might have a high initial strength which may or 
may not be beneficial, depending on the view point. So in 
drawing conclusions from results of tests of concrete, one must 
keep in mind the “strength characteristics’”’ of the cement used. 

It had been the original intention of the writer to discuss 
minutely the methods of making field tests of natural concrete 
aggregates and to show the bearing each test has on the selection 
of the best aggregate. But feeling that it might be considered 
discourteous to fellow members of a committee which is making 
a study of methods, it was decided to treat the subject with the 
main object of trying to show to the skeptical mind that both 
the laboratory tests and carefully made field tests and inspections 
do present ways and means of indicating what the natural 
aggregate, either fine or coarse, will actually do in the concrete 
in place. That is, with the same methods of making concrete 
and under the same or similar conditions the relative value 
of the materials is clearly indicated. It must, of course, be 
thoroughly understood that a separate test without a con- 
sideration of all the phases and conditions, cannot be an infal- 
lible guide; but each test made is one more aid to the selection 
of the aggregate best suited for the purpose intended. 
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TESTS OF MORTARS MADE FROM WISCONSIN 
AGGREGATES. 


By M. O. WrrHey. 


About three years ago the Mechanics Department of the 
University of Wisconsin began an extensive schedule of tests on 
mortars and concretes made from Wisconsin aggregates. The 
purpose of the experiments is to determine both the suitability 
of these aggregates and the properties of the concretes or mor- 
tars made from them. From time to time when tests on a suffi- 
cient number of aggregates have been completed the results 
will be published in University bulletins. The latter are avail- 
able without charge to residents of the state and may be obtained 
at a nominal fee by others. 

The adopted program of experiments is, to a considerable 
extent, modeled upon that formerly employed at the United 
States Geological Survey Laboratory at St. Louis.1_ Inasmuch 
as a résumé of the program and methods of testing has been 
published,” only a brief statement of the latter will be given 
herein. In this paper will be made a preliminary report of 
tests on fifteen small aggregates and sixty mortars made of them. 

In presenting this report due acknowledgment is made 
for the careful assistance rendered by Messrs. Andrew Ludberg, 
E. B. Nelson, C. M. Osterheld, E. J. Paulus, and H. E. Pulver 
in making and testing specimens. Mr. S. D. Wonders has care- 
fully prepared and checked the tables and diagrams for this 
paper. The courtesy of the pit and quarry owners who furnished 
the material for the tests is also much appreciated. 


AGGREGATES. 


A list of the aggregates and the results of physical tests 
upon them will be found in Tables I and II. Concerning the 
characteristics of the aggregates themselves the following brief 


1 Bulletin No. 329, United States Geological Survey. 
2 The Wisconsin Engineer, Vol. XVI, p. 99; also Concrete, Jan., 1912, p. 55. 
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statement is appended. Sd. 1, Sd. 2, Sd. 5, Sd. 7, Sd. 10, and 
Sd. 11 were untreated bank sands; Sd. 4 was obtained from a 
large pit of nearly pure silica sand; Sd. 3 and Sd. 8 were pit 
sands which had been washed; Sd. 9 was obtained from the shore 
of Lake Michigan; Sg. 1 was a hard quartzite screenings; Sg. 3 


TABLE I.—PROPERTIES OF SANDS AND SCREENINGS. 


a ; 

2 | 8 | 

30 o| = | 

a > = 
104.1 | 2.65 | 37.00] .... | Ottawa, Ill. .| Ottawa Silica Co. 
Sd. 1 105.2 | 2.66 | 36.5 3.0 | 0.19 | Janesville... 

‘0. 
Sd. 2? 106.9 | 2.74 35.2 1.3 0.49 | Madison....| John Pieh. 
8d. 3 101.8 | 2.68 | 38.2 0.8 | 0.27 | Onalaska...) Onalaska Pickle & Can- 
ning Co. 

Sd. 4 98.9 | 2.63 | 39.84 1.2 | 0.04 | Portage..... Columbia Silica Co. 
8d. 5 91.2 | 2.67 | 45.3¢| 0.5 | 0.17 | La Crosse...| La Crosse Stone Co. 
8d. 7 105.2 | 2.78 36.6 1.6 0.41 | Milwaukee..| J. C. James. 
8d. 8 105.3 | 2.70 | 36.4 1.5 | 0.18 | Beloit...... Atwood-Davis Sand Co. 
8d. 9 105.5 | 2.75 | 36.0 0.7 | 0.51 | Racine...... A. & 8. Hansche. 
Sd. 


10 120.3 | 2.77 | 27.9 7.7 | 0.29 | Waukesha. . Wyte Line SGes 


$d. 11 108.7 | 2.72 | 35.0 0.4 | 0.11 | Palmyra....| A J. Thorne. 


Sg. 1 92.8 | 2.67 | 42.0 14.7 | 0.05 | Baraboo....| H. E. French. 
Sg. 3 95.2 | 2.82 39.0 16.2 0.19 | Milwaukee. .| Story Bros. 
Sg. 4 94.9 | 2.75 | 40.0 9.3 | 0.47 | Racine...... bar . “ane Crushed Stone 
Tg. 1 96.8 | 2.81 43.6 4.0 | 0.10 | Platteville...| Hodge Mine. 
_ Sp. Gr. X 62.4—Wt. per Cu. Ft. ™ ‘ 

@ Computed: Sp. Gr. x 0.624 Percentage of Voids. 

1 Standard Sand. 

2 Torpedo grade. 


and Sg. 4 were hard magnesian limestone screenings; Tg. 1 
was dolomite tailings from a lead and zinc mine. In the bulletin 
which is being prepared more complete information regarding 
these aggregates will be afforded by chemical analyses and by 
photographs. The sizes of the samples of materials consigned 
to the laboratory varied from 5 cu. ft. to 1} cu. yd. 
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PuysicaAL TEsts OF SANDS AND SCREENINGS. 


The methods employed to obtain the results recorded in 
Table I will now be briefly explained. Weight per cubic foot was 
determined by allowing sun-dried material to fall freely from a 
height of 3 ft. into a 1-cu-ft. measure, striking off the top 
of the measure with a straight edge and weighing. The rate 
of flow into the measure was 1 cu. ft. per minute. 


TABLE II.—RESULTS OF MECHANICAL ANALYSES ON SANDS AND SCREENINGS. 
(All materials were passed through }-in. sieve before using.) 


Percentage by Weight Passing Sieves Nos.— 


Material No. | 
30 50 74 


0 | 
4 
2 
9 
0 
.0 
8 
8 
0 
0 
6 


oa 
© 


In determining the specific gravity, 0.3 lb. of dried material 
was carefully weighed on scales sensitive to 0.0001 Ib. and placed 
in an Erlenmeyer flask connected to the exhaust of an air pump. 
When a vacuum of 27 in. had been attained the flask was filled 
with water and weighed under water. In addition the weight 
of the submerged flask alone was determined. The dry weight 
divided by the difference between the dry weight and the weight 
of the submerged material gave the specific gravity. 


836 
‘ 
65 9.1 | 5.4] 2.8 3.0 
70 | 34.5 | 17.9 | 9.7 2.6 
91 72 | 13.7 | 4.2] 1.2 2.4 
99 | 62.5 | 22.1 | 8.6 1.8 
eee 99 | 67.6 | 18.2 | 5.7 1.8 
| | 
44 11.2 | 3.8] 2.2 4.7 
82 72 16.1 | 3.6 | 1.9 2.6 
66 22 4.9 | 2.4] 1.4 3.7 
48 17.4] 8.7] 6.5 6.9 
47 4.3] 0.7] 0.5 3.4 
43 25.1 | 17.4 | 13.0 13.2 
38 19.5 | 15.8 | 13.8 16.3 
BE cof 44 23.8 | 18.5 | 15.9 | 18.8 
19 11.5 | 8.8] 7.5 18.9 
4 
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Percentage of absorption was determined upon the material 
used in the specific gravity test as follows: The aggregate was 
spread upon a glass plate and currents of air blown upon it until 
the surface felt dry and the material no longer stuck together. 
The weight was then determined. After drying, the material 
was again weighed. The ratio of the loss in weight to the dry 
weight multiplied by 100 gave the results in column 6 of the 
table. 

In determining the percentage of voids an apparatus con- 
sisting of an 8-in. pipe capped at the lower end and provided 
' with a water gage and scale reading to 0.001 cu. ft. has been 
found convenient. The volume of water displaced by { cu. ft. 
of aggregate was determined by slowly pouring the aggregate into 
the voidmeter partly filled with water and noting the difference 
between initial and final readings of the water gage. The per- 
centage of voids was gotten by dividing the difference between 
the loose volume of the material and the displaced volume of 
water by the loose volume and multiplying by 100. Corrections 
were made for the moisture content in the material and the 
absorption while in the voidmeter, in order to eliminate the air 
voids within the particles. The results obtained by this method 
are higher than those computed from the specific gravities. 
This is especially true for fine materials like screenings in which 
there is a large amount of dust. However, since voids are often 
determined in this way these results may be of interest. 

The silt test was made as follows: A 100-g. sample of 
dried aggregate was carefully weighed and placed in a percolator 
suspended in a vertical position. The percolator was provided 
with an inlet at the lower end, which was covered with a fine 
screen, and an outlet on the side 12 in. above the bottom. Clean 
water was admitted from an aspirator bottle placed 3 ft. above 
the outlet on the percolator and the silt washed out of the mate- 
rial into a milk can. At one-minute intervals the material in the 
percolator was vigorously stirred for ten seconds. The process 
was discontinued when the water cleared immediately after 
stirring. A portion of the effluent caught in the milk can was 
filtered, dried, and preserved for chemical analyses. The amount 
of silt was determined by finding the difference between the 
weight of the dried residue in the percolator and the weight of 
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the original sample. 
reported. 

Table II contains the results of sieve analyses. The }-in. 
sieve was used in separating fine aggregate. All material 
passing this sieve was classed as sand or screenings. In making 
the test a representative 2000-g. sample selected by the method 
of quartering was poured into a nest of sieves operated by a 
mechanical shaker, and shaken for ten minutes. Curves of 
the various aggregates were plotted with percentage passing 
a given diameter of mesh for ordinates and diameter of mesh for 
abscissas. The uniformity coefficient was gotten by dividing 
the diameter corresponding to a point on the curve having an 
ordinate of 60 per cent by the diameter of a point having an 
ordinate of 10 per cent. This quantity is considered by some 
to furnish a valuable index of the gradation of the particles com- 
posing a sand. 


The average of two determinations is 


TESTS OF CEMENTS. 


In order to secure a Portland cement which would vary in 
quality as little as possible, equal portions of five standard 
brands—Alpha, Atlas, Chicago AA, Medusa and Universal— 
were mixed. The constituent brands were purchased in open 
market. Each mixture consisted of approximately seven 
barrels and was given a distinguishing letter and number. Both 
the constituent brands and the mixtures were subjected to the 
standard tests prescribed by the American Society of Civil 


TABLE III.—PROPERTIES OF MIXTURES OF FIVE PORTLAND CEMENTS. 


(Cements composing mixtures: Alpha, Atlas, Chicago AA, Medusa, 
Universal.) 


Fineness, Percent- 
nn Time of Set. age of aoe on 
Cement No.| Con- Soundness. 


Initial. 


Final. 


100 


2 hr. 3 min. 


5hr. 57 min. 
3 20 


5.6 
4.0 
4.1 


1 Dried but not ignited. 
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Engineers, and in addition both tensile and compressive strength 
tests were made at 60, 180 and 360 days. The compression tests 
of cements were made on 2-in. cubes. Results of the tests on 
the mixed brands used in the experiments reported will be found 
in Table III and in Fig. 1. 
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Fic. 1.—Strength of Mixed Brands of Cement at Different Ages. 


The three mixtures were made from the same shipment of 
cements and were kept in hermetically-sealed galvanized-iron 
tanks until used. Chemical analyses of these mixtures indicated 
that the percentages of the different elements varied as follows: 
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TABLE IV.—TESTS IN WHICH THE DIFFERENT MIXTURES OF CEMENT 
WERE USED. 


Mixture used in 


Mixture used in 


Aggregate. 


Tension. 

Compression. 

Permeability. 

Yield. 

Aggregate 

Tension. 
Compression 
Permeability. 
Yield. 


M 11 
Mil 
Mil 
M 12 
M 12 
M 12 
M 12 
M 12 


M 11 
M il 
M il 
M 12 
M 12 
M 12 
M 12 
M 12 


M 12 
M 12 
M 12 
M! 13 
M 13 
M 13 
M 13 
M 13 


Mil 
Mil 
M ll 
M 12 
M 12 
M 12 
M 12 
M 13 


M 13 
M 13 
M 13 
M 13 
M 13 
M 13 
M 13 


M 12 | M12 M 12 


1M 12 was used in making 1: 2 specimens. 


CaO, 60.42 to 61.25; SiOz, 20.40 to 24.36; Fe,0;+Al,0;+ MnOz, 
9.48 to 11.31; MgO, 2.56 to 2.85; SOs, 1.45 to 1.68; loss on 
ignition, 2.14 to 2.39. 

In order that the results of the cement tests may be corre- 
lated with the results of tests on mortars, Table IV, showing the 
tests in which the mixtures were used, is inserted. 


METHODS OF MAKING AND TESTING MorTAR SPECIMENS. 


Of the experiments performed upon mortars made of the 
mixed cements and different aggregates, only the tension, 
compression, permeability, and yield tests will be considered 
at this time. In all tests the following proportions by weight 
were employed: 1:2, 1:3, 1:4, and 1:5. All aggregates were 
dried in the sun before mixing with cement. 

The tension tests were made on standard briquettes in 
accordance with the methods of the American Society of Civil 
Engineers. The proper percentage of water for gaging the 
mortar was determined by making trial mixes of 1:2 and 1:5 
proportions which were compared with like standard sand mix- 
tures of normal consistency. The percentage of water which 


| || Sd. 9....| M12 | M12 M13 
| Sd. 10....| M13 | M13 M 13 
| Sd. 11....] Miz | M12 | M 13 
| | | 
| Sg.3.....| M12 | M12 M 13 
Sd. || Sg. 4.....] M12 | M12 M 13 
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reduced the trial mix to the same consistency as the standard- 
sand mix was adopted in making briquettes. The percentages 
of water required for the 1:3 and 1:4 mixes were obtained 
by interpolation in Feret’s consistency equation, 


af 

C. 
In this equation W is the required percentage of water, P 
is the normal consistency for the neat cement used, S is the 
ratio of sand to cement by weight, and C is a constant for the 
given sand. Values of the latter were gotten by substituting 
the results of the trial determinations on 1:2 and 1:5 mixes 
in the above formula and solving for C. 

The normal consistency of the mortar for the 3 by 6-in. 
compression cylinders was determined in a slightly different 
way from that described above. In these tests it was the 
endeavor to make the consistency as damp as possible and 
still produce a mortar sufficiently stiff for making bricks or blocks. 
Trial batches of 1:2 and 1:5 mortars were mixed in the same 
manner as for the tension tests and put into a well-oiled 3 by 
6-in. cast-iron cylinder mold in four layers, each about 1} in. 
deep. Each layer was thoroughly compacted by a cast-iron 
tamper having a circular base, the diameter of which equaled 
the radius of the mold. After the mold had been filled and the 
top leveled it was very carefully slid upward off the specimen. 
Correct consistency obtained when the specimen presented a 
moist appearance and settled } in. in height. 

In fabricating the compression cylinders, sufficient aggregate 
and cement to make the requisite number of specimens were 
carefully weighed and placed on a metal mixing board. The 
materials were then mixed dry with a hoe for four minutes. 
After adding the proper amount of water the mortar was again 
turned for four minutes. It was compacted in the molds in 
the same manner as adopted in the normal consistency test. 

The mortar permeability specimens were of the type shown 
in Fig. 2. Damp sand was first packed in the casting to exclude 
the mortar. Neat cement of standard consistency was then 
firmly pressed around the casting as shown in the figure. To 
afford a more perfect bond for the cement the outside of each 
casting was grooved. ‘The specimens were completed by im- 
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mediately filling the molds with mortar mixed in the same way 
as that used in making compression cylinders. 

All briquettes were cured in a moist closet for one day and 
then placed in a water bath until tested. The compression 
cylinders were left in the cast-iron molds for 2 days and then 
removed to a water bath in which they remained 28 days. At 
this age, those which were to be tested later were taken from 
the bath and stored on the laboratory floor. Permeability 
specimens were kept in the molds for six days, during which 
time they were sprinkled on the exposed surfaces twice a day. 
After the molds were removed they were sprinkled twice a day 


C-Clamps 


Cement = y 


Fic. 2.—Sectional Elevation of Permeability Specimen. 


on all surfaces. When the permeability specimens were one 
day old the surfaces uppermost in the molds were vigorously 
scrubbed with a wire brush to remove any excess mortar or lai- 
tance. Two days before testing they were submerged in tubs. 
When four weeks old the sand was removed from the castings 
and the mortar surfaces within were carefully chipped with a cold 
chisel. The castings were then refilled with clean sand, and the 
specimens were placed upon the testing apparatus. 

The apparatus used in testing the permeability specimens is 
shown in Fig. 3. Air pressure was used to force the water into 
the specimens. In order that a record might be had of the 
amount of water entering the test specimens, glass tubes g 
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fitted with scales s were attached to the vertical pipes p on 
the apparatus so that the height of the water column could 
be easily read. Observations of time, pressure, and tube read- 
ings were made several times during the first day and twice a 


Fic. 3.—Apparatus Used in Making Permeability Tests. 


day thereafter for one week. A pressure of 40 lb. per sq. in. 
was used for three days. If there was considerable leakage 
at this pressure, a reduction was made to 10 Ib. per sq. in. for 
the remainder of the test period. Some of the specimens of 


f 
| 
) 
} 


844 WITHEY ON TESTS OF Mortars. 


1:5 proportions leaked so rapidly under the high pressure that 
no attempt was made to get arecord. In such cases the pressure 
was immediately reduced to 10 lb. per sq. in. 

For comparative results this form of permeability specimen 
is cheap, easily made, and quickly adjusted on the apparatus. 
No difficulty was experienced from leaks around the castings 
or at the 2-in. unions by which the castings were coupled to the 
testing apparatus. Special care was taken, however, to prevent 
the latter by using a new rubber gasket with each specimen. 
Owing to an over-zealous helper, more mortar was removed from 
the interior of some of the specimens than necessary. On one 
or two the minimum thickness between casting and bottom of 
specimen was only 1} in. The average thickness per set of four 
layers at this place varied from 13% to 2;% in. A study of the 
effects of these variations in depth upon leakage did not show 
that any relation existed. This was doubtless due to the fact 
that the average thickness of the concrete between the end of the 
casting and the bottom of the specimen was considerably greater 
than the minimum. It is probable that the average thicknesses 
of the mortar at this place for the entire series of specimens 
would vary between 1} and 2} in. 

All briquettes were broken in a Riehlé automatic shot 
machine equipped with metal-roller grips. Loads were ap- 
plied at a rate of 600 lb. per minute. With few exceptions, 
the average results obtained from four specimens are indicated 
by the conventional signs on the diagrams. In addition to tests 
covering the ages shown in the figures, two and five year tests 
are being made on the mortars of 1:3 proportions. 

In testing cubes and cylinders a spherical bearing-block 
was employed underneath all specimens. If the top surface of 
a test specimen was uneven the high spots were taken off with a 
Vixen rasp. Both tops and bottoms of all specimens were bedded 
on blotting paper. In order that the axes of specimens and bear- 
ing-blocks should coincide, a template was employed for center- 
ing the specimens on the block. The speed of the pulling head 
of the testing machine in these tests was 0.13 in. per minute. 
In nearly all cases the points on the diagrams represent the aver- 
age results of three specimens. 

The purpose of the yield test is, primarily, to determine 
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the amount of mortar which may be made from given amounts 
of aggregate and cement, but if the specific gravities of the 
materials are known, the density and weight per cubic foot of the 
mortar may also be found. The test was made by mixing three 
pounds of dry aggregate and cement into a mortar, tamping the 
latter into a cast-iron cylinder 33 in. in diameter and measuring 
the volume of the mortar to 0.0001 cu. ft. The consistency, 
method of mixing and molding, and the method of compacting 
were the same as used in making the compression cylinders. 
The weight of the materials before and after mixing and the vol- 
ume of the dry aggregate before mixing were also ascertained. 
In computing the results, corrections were made for the moisture 
content in the aggregate and for the losses in the mixing. Two 
determinations were made upon each proportion. In general, 
the two results differed less than one per cent; in many tests 
they checked to the third place of decimals. 

The values of yield plotted in Figs. 7 and 8 were computed 
by dividing the volume of mortar by the volume of compacted 
dry aggregate. If the volume of mortar which may be made 
from a given loose volume of aggregate is desired, the values 
given should be reduced by the following ratios: 


0.80 


As an interesting illustration, consider the amount of 1:4 
mortar which can be made from Tg. 1. The diagram in Fig. 
8 indicates that a cubic yard of well-compacted tailings would 
produce 1.09 cu. yd. of mortar. If the cubic yard of tailings 
was measured loose, only 0.872 cu. yd. of mortar could be made. 

The term density as used in this paper means the ratio of 
the sum of the absolute volumes of cement and sand to the 
volume of mortar. The absolute volumes of sand and cement 
per unit volume of mortar will be denoted by s and ¢, respec- 
tively. To obtain s, the absolute volume of the sand in the mix 
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was first determined by dividing the weight of the sand by its 
specific gravity times the weight per cubic foot of water; then this 
quotient was divided by the volume of the mix. By the same 
process c was computed. Density, therefore, is equal to c+s. 


RESULTS OF STRENGTH TESTS. 


The results of the strength tests will now be considered. 
Figs. 4, 5 and 6 show strengths of the four mixes at different 
ages from seven days to one year. It will be at once noted that 
many of the 1:2 and 1:3 mixes have less strength at one year 
than at six months. The decrease appears more marked in the 
results of the compression tests than in the tension test values. 
The mortars of Sd. 4 and Tg. 1 are the only ones in which all 
mixes show a consistent growth in compressive strength during 
the year; those of Sd. 5, Sd. 11 and Sg. 3 are the only ones which, 
in all proportions, exhibit a regular increase in tensile strength. 
A further comparison of the strength-time curves for these 
aggregates also shows that the mortars from Sd. 4 and Sd. 5 
only are of lower strength than the standard sand mortars. 
This result is not surprising if one considers the mechanical 
analyses of these sands givenin TableII. From the table it will 
be observed that over 60 per cent of each of these sands passed 
a No. 50 sieve, a fact which will give some notion of their fineness. 

In Figs. 7 and 8 both tensile and compressive strengths at 
60 days have been plotted against the ratio of sand to cement. 
With the exception of the curves for Tg. 1 the relation of the 
two curves is what might be expected. On account of the lack 
of fine particles in Tg. 1 the 1:5 mortar cylinders were full of 
pockets and consequently possessed little strength. Since the 
ratio of exposed surface to volume for the briquettes was 
very much greater than for the cylinders, the troweling done 
in smoothing off these surfaces made the briquettes denser 
than the cylinders and was, without doubt, the cause for the 
discrepancy between tension and compression tests on the 
1:5 mix of this material. Considering the sands alone, the 
ratios of compressive to tensile strength at 60 days for the 
different mixes vary between the following limits: 7.3 to 9.9 for 
1:2 mixes, 5.6 to 8.3 for the 1:3 mixes, 6.0 to 7.8 for the 1:4 
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mixes, and 4.2 to 6.7 for the 1:5 mixes. In the above order 
the average ratios are 8.3, 7.7, 6.6 and 5.6, respectively. 
According to the experiments of Feret' the following law 
obtains: 
“For all series of plastic mortars made with the same 
cement and of inert sands, the resistance to compression after 
the same time of set under identical conditions is solely a 


function of the ratio > 40% im(c+s)’ whatever may be the 


nature and size of the sand and the proportions of the elements 
—sand, cement, and water—of which each is composed.” 

In the above law e and v represent the volumes of the water 
and air voids in a unit volume of mortar; the other symbols 
have been previously defined. In Fig. 9, values of both the 
tensile and compressive strengths of the different mortars have 


been plotted against the ratio , and against the 


1—(c+s) 
ratio ( — 7 Feret, as a result of his tests derived the follow- 


ing relations: 


in which P is the compressive strength in pounds per square inch 
and J and K are constants depending upon the consistency, 
character of the cement, and age of specimens. For a series 
of tests his results indicate a value of K =28,000 lb. per sq. in. 
The equations of the lines in the lower portion of Fig. 9 are of 
the form: 


P=J and (=<) 


J and K equal 8150 and 26,000 Ib. per sq. in., respectively. 

The points in the upper portions of Fig. 9 do not lie so close 
to the lines. Inspection of the figure shows that this divergency 
is most marked for the 1:2 mixes. It is also noticeable that the 
points for the limestone screenings lie, in general, considerably 
above the curves. This discrepancy may be due to the existence 
of cementitious properties in the screenings. 


1 Bulletin de la Société d'Encouragement pour lI’ Industrie Nationale, 1897, p. 1604; also, 
Taylor and Thompson's ‘“‘Concrete: Plain and Reinforced,” p. 140, 
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It should also be noted that the percentages of water 

employed in the yield tests were slightly greater than those used 

. ki c 

in making briquettes, so that the values of the ratios os 
2 

and (=) do not strictly apply to the mortars from which 


briquettes were made. The equations of the curves drawn in 
the upper half of Fig. 9 are respectively: 
2 
T= -100 and T = 8260 (5 
here T is the ultimate tensile strength in pounds per square 
inch. 

Diagrams for the transverse strengths of these mortars 
plotted against the above ratios show a scattered field quite 
similar to the diagrams containing the tension test data. 

An interesting comparison of the relative economy of dif- 
ferent sands and mixes of the same sand.is afforded in Fig. 10. 
In computing the costs of the mortar, cement was estimated at 
$1.50 per barrel and sand at $1.25 per cubic yard. Only the 
cost of the materials was considered; no allowance was made for 
the cost of handling, mixing, placing, finishing, or form work— 
factors which vary greatly with the character of the construc- 
tion. If the cost of these items be included, the comparisons will 
accentuate the superiority of the stronger sands and richer 
mixtures. 

The computation involved in laying out this diagram was 
very simple. The quantities of sand and cement required for 
one cubic yard of mortar were determined from the yield and 
the cost calculated. By dividing the compressive strength at 60 
days by the cost of the mortar in dollars per cubic yard, the 
lengths of the heavy lines in the diagram were determined. It 
will be noted that even from the standpoint of strength the rich- 
est mix is not always the most economical; for example, the 1:3 
mix of Tg. 1 is the most economical of any in the figure and the 
1:4 mix of Sd. 10 is second. In a practical problem, if the cost 
of items other than materials is a large proportion of the total 
cost of the mortar, the superiority of the 1:2 mixes or in some 
instances even richer mortars would be apparent. 
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RESULTS OF PERMEABILITY TESTS. 


Referring again to Figs. 7 and 8, one will note the marked y 
difference in permeability of rich and lean mixes. The leakage 
under 40 lb. per sq. in. pressure for most of the 1:2 mixes was 
so small that the water evaporated from the outside surfaces of 


1200 

x 

Legend: 

1000 1:2 Mortar = 0 
1:3 Mortaraa 
1:4 Mortar =x 

Mortara e 

2 800 

e | 

a 

E 

x 
£ 

. 
© 400 
Ky 
£ x 

x a 
= x 
8 200 

a 8 @ ao 
03 04 05 0.6 07 as 
— 
i-(c+s) 
Fic. 11.— i 
. I Relation between Leakage and 1-4) 


the specimens as rapidly as it came through, so that the only 
evidences of flow were the readings of the heights of the water 
columns. Some of the curves on Fig. 8, however, show a decrease 
in leakage with a decrease in proportion of cement. It will 
also be observed that density increased wherever this phe- 
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nomenon was observed. These observations are in accord with 
the common belief that both the richness of the mix and its 
density affect the permeability. Furthermore, if leakage- 
density curves be plotted from the values in the diagrams, it 
will be found that for the same density the permeability decreases 
with the increase in cement. 


In Fig. 11, total leakage in 50 hours has been plotted against 
the ratio i—(ct5)" The field of points is scattered but there 


is evidence of relation. For the points shown, an hyperbola 
with asymptotes parallel to the axes of the diagram seems to be 
the form of the locus. 


CONCLUSIONS. 


As a result of these tests it appears probable that the laws 
of Feret have a wider range of application than to compressive 
strength alone. It is quite likely that both the tensile and 
transverse strengths obey similar laws. There also seems 
to be a relation between leakage and Feret’s ratios. 

The experiments illustrate the value of the well-graded 
sands, but no well-defined relation between strength and uni- 
formity coefficient, percentage of voids, or percentage of silt 
appears. 

Inasmuch as a continued increase in strength of mortars 
after 60 days does not seem at all certain, both from these tests 
and many others, too great emphasis cannot be laid upon the 
importance of records extending over long periods of time. In 
such records the results of compression tests appear to be fully 
as important as the tension-test values. 

For compression tests of mortar a cylindrical form of speci- 
men with a height equal to twice its diameter is much more 
satisfactory than a cube. 

Attention should also be directed to the wide variation in the 
yield depending upon the method of measuring the volume of 
the aggregate. This is especially noteworthy in the case of 
aggregates like screenings. 

If economy is to obtain in constructions in which strength 
is an important consideration, an investigation of the relation 
of strength to total cost, for the different available aggregates 
and for various mixes of such aggregates, is desirable. 
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TESTS OF REINFORCED CONCRETE SLABS UNDER 
CONCENTRATED LOADING. 


By A. T. GOLDBECK. 


Several years ago the United States Office of Public Roads 
expanded its engineering activities to include a limited amount 


_ of work in connection with highway bridges. One of its first 


efforts in this direction was to encourage local highway officials 
to replace the great number of unsafe and unsightly short-span 
wooden bridges and culverts with permanent structures of 
reinforced concrete. In order to better disseminate information 
concerning this subject, many typical designs were prepared 
together with tables showing suitable dimensions and reinforce- 
ment for both slab and beam superstructures. 

One of the first difficulties which the engineers of the office 
encountered in making computations for these designs and 
tables, was that of deciding upon some reliable assumption 
concerning the distribution of stress in reinforced concrete 
slabs under concentrated wheel loads. Careful search through 
engineering literature failed to reveal any experimental data 
upon which to base assumptions relating to this subject. It 
was also found that widely variant ideas regarding the distri- 
bution of the concentrated loads were held by different designers. 
Under the circumstances it was necessary to prepare tentative 
designs based on assumptions which appeared most reasonable. 
It was very evident, however, that any tests which could be 
made to show a definite relation between concentrated loads 
and the stresses which they would produce in reinforced concrete 
slabs would be of considerable value, not only to bridge design- 
ers who have to deal with roller and tractor loads, but to all 
engineers and architects who have to provide for isolated loads 
of any considerable magnitude upon reinforced concrete slabs. 

When the value of an investigation of this character became 
evident a series of tests was planned, and although at this time 
but partially completed, the results obtained are presented in 
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the hope that the length of time required for the completion 
of this investigation will be materially decreased, by enlisting 
the services of other interested workers who may have either 
results or ideas to offer. In other words, it is desired that these 
results be considered merely as a contribution toward the final 
solution of the problem. 

When the engineer is confronted with the design of a 
reinforced concrete slab to be subjected to a concentrated load, 
his fundamental consideration is the width of slab that may 
reasonably be counted as effective in carrying the load. It is 
necessary for him to assume the value of what may be called 
the effective width of slab when using the ordinary theory of 
rectangular beam design, and since it is probable that this 
width varies with the percentage of longitudinal and transverse 
steel, span, depth, and kind of concrete mixture, it will be 
seen that the number of tests required to furnish a satisfactory 
basis for this assumption will be very large. It is hoped, how- 
ever, that the tests to be described will at least contribute 
toward the desired end. 


DESCRIPTION OF SPECIMENS. 


All specimens were made of concrete mixed in the propor- 
tion 1:2:4, to a consistency ordinarily described as ‘‘quakey.” 
The cement complied with the United States Government 
specifications for Portland cement; the sand was a fairly well 
graded Potomac River sand, and the gravel was clean, sound 
and well graded from } up to fin. One-half-inch plain round 
steel rods, having a yield point of 38,800 Ib. per sq. in. and a 
tensile strength of 73,000 lb. per sq. in., were used exclusively 
for reinforcement. Compression cylinders of the same concrete, 
8 in. in diameter and 16 in. high, were molded at the time 
the slabs were made. 

The slabs were molded on heavy oiled paper, laid on the 
floor of the laboratory. The center of the steel was placed 1 in. 
from the floor, so that the total depth of the slab was 1 in. 
greater than the effective depth. The present series of tests 
includes the specimens described in Table I. 

Within a few days after each slab was made, plates of 
brass } in. square and } in. thick, containing a small hole drilled 
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with a No. 55 drill, were cemented to the top in carefully spaced 
rows. The drill holes in these plates were placed exactly 8 in. 
apart in order that they might be used in connection with an 
instrument designed to measure very slight changes in their 
spacing. Some of the reinforcing rods were likewise drilled 
with a No. 55 drill and the drill hole was protected from the 
concrete while pouring, by means of insulating tape and a cork. 
The cork and tape were later burnt out in order to expose the 
drill hole in the steel. Slab No. 679 was provided on the bot- 
tom with small cast-iron blocks wired in contact with the rods 
and each block was drilled for deformation measurements. 
Measurements were taken both at right angles to the supports 


TABLE I.—DESCRIPTION OF REINFORCED CONCRETE SLABS, 


Dimensions, ft. Depth, in. tot “aa 
Slab No. Weight, 
Length. | Breadth.| Total. | Effective. Ib. 

GID. ccccccvessces 13 6 7 6 6830 0.77 
9 7 5 4 3940 0.91 
PO scctecccenees 9 7 5 4 3940 0.91 0.41 
9 7 6 5 4720 0.91 
PEGs <acvercousees 9 7 4 3 3160 0.60 
9 7 7 6 5520 0.75 0.33 


and parallel with them, in sufficient numbers to determine the 


magnitude and distribution of the deformation in each direction. 


DESCRIPTION OF APPARATUS. 


The deformation measurements were taken in the concrete 
and steel by means of a strain gage of the type designed by 
H.C. Berry. It consists of a rigid frame carrying a fixed conical 
point at one end and a movable conical point at the other end. 
The motion of the movable point is multiplied five times by 
means of a bell-crank lever and its amount is indicated on a 
graduated dial. By very careful manipulation an accuracy of 
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0.0001 in. in 8 in. may be obtained. In using this instrument, 
the conical points are simply inserted into the No. 55 drill 
holes and the dial reading is taken. 

For measuring deflections, a special instrument was designed. 
It consisted of a surface testing dial reading to 0.001 in., mounted 
at the center of a white pine board, which was shod at the lower 
edge with grooved pieces of steel. While being used the board 
was placed on edge in the direction of the span and made to 
rest upon steel rods having rounded upper ends. These rods 
were cemented in a vertical position over the supports. A 
movable plunger actuating an indicator on the dial rested in 
contact with a drilled brass plate, cemented to the top of the 
slab at the center line. Deflection readings were taken at a 
number of places throughout the length of the slab. 

Loads were applied by means of a general testing machine 
of 200,000-!b. capacity. The weighing table of the machine 
in use at the Office of Public Roads is fitted with long extension 
arms for testing narrow beams up to 16 ft. in span length. In 
order to investigate a large reinforced concrete slab in a machine 
of this type, it is necessary to mount the specimen transversely 
across one of the extension arms. For this purpose two 15-in., 
42-lb. I-beams were supported on one of these arms. In test- 
ing slab No. 679, two 6-in., 12}-lb. I-beams were laid across 
these, in order to serve as supports for the slab. For all other 
slabs, the 15-in. beams acted assupports. For applying the load, 
two 18-in. 55-lb. I-beams were used. They were bolted together 
and extended from the extreme end of one of the extension arms 
over the moving head of the machine to the center of the slab. 
One end of these I-beams rested on bearing blocks, which in 
turn were supported by a 15-ton screw jack, mounted on a con- 
crete support. The other end—the end applying the load— 
rested on the slab to be tested. Loads were applied on the 
18-in. I-beams by the moving head of the machine, through a 
2-in. loop-welded eye; and by means of the screw jack the 
load-applying beams were maintained in a horizontal position. 
It was necessary to counterbalance the weight of the slab and 


its supporting I-beams to prevent the overbalancing of the 
machine. 
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METHOD OF TESTING. 


The exact method of mounting the specimens indicated in 
Fig. 1 was slightly modified in order to obviate the danger 
attending the use of the rocking supports. It is probable that 
a very slight error has resulted, owing to the small drag of the 
supports, which tend to rock out of a vertical position when 
the load is applied. This error, however, is of inconsiderable 
magnitude. To insure uniform bearing, the specimens were 


Fic, 2.—Test of Reinforced Concrete Slab under Concentrated Load. 
Span =6 ft. Width=9 ft. 


lowered upon a soft mortar mixture placed on the I-beam sup- 
ports, and this bedding was allowed to harden for one day 
before the slab was tested. Loads were applied on the slabs 
over a bearing area 6 in. in diameter and containing 28.3 sq. in., 
with the exception of slab No. 679, in which the bearing block 
consisted of one-half of a vitrified paving block having a bear- 
ing area of 18 sq. in. A complete set of deformation and 
deflection readings were taken for each increment of load applied. 
Fig. 2 shows a slab in position for testing. 
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RESULTS OF TESTS. 


Some typical results of the deformation and deflection 
readings are given in graphical form in Figs. 3 to 8, inclusive. 
The ordinates to the curves of unit deformation show the amount 
of this deformation in various parts of the slab. The values 
plotted represent the mean unit deformations in gage lengths 
of 8 in., with the measurements taken at right angles to the 


Unit Deformations (Top of Slab) 


Unit Deformations (Bottom) 
> > 
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75004 1500". 
1s000" 
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Span=11 ft. 6 in. Width=6 ft. Reinforcement =0.77 per cent. 
Fic. 3.—Slab No. 679. 


supports. The base line of each curve marks the position of 
the line of brass plates between which the deformation measure- 
ments were taken. The position of the load is marked by 
means of a cross-sectioned circle. The curves of deformations 
which most nearly represent conditions, under the load caus- 
ing a working stress at the center, are cross-sectioned, and on 
some of the plates curves are plotted, showing the unit deforma- 
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tions caused by loads both greater and less than the working 
load. 

Considering first the deformation curves in Figs. 4 to 8, 
inclusive, it will be noted, as might be expected, that the great- 
est deformation occurs under the load, and that as the sup- 
ports are approached the deformations become smaller. The 
local effect of the load is very perceptible in producing deforma- 
tion in the slab. Although the deformations at the sides of 
the slab are small, yet there is a very perceptible deformation, 
even at a distance of 43 ft. on each side of the load, or over 


Curves of Unit Deformation on Top of Slab 


-4--4-- 


Load=40 


o- 


0.00025 


Spans 


a 
Span =6 ft. Effective Depth=4in. Reinforcement =0.91 per cent. 
Fic. 4.—Slab No. 705. 


a total width of 9 ft. This indicates that even at 4} ft. from 
the load the slabs investigated exerted considerable resisting 
moment. In a general way the maximum deformations in the 
same slab seem to be proportional to the loads applied. The 
deformations on the top of the slabs parallel to the supports 
showed a compression very small in magnitude. 

An estimate of the width of each slab that might reason- 
ably be considered as carrying the load—assuming a uniform 
distribution of the safe working stress over this width—was 
obtained from the curves of deformation. Since the resisting 
moment of a slab is dependent on the stresses in the top fibers, 
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and these in turn are measured by the unit deformations of 
these fibers, the resisting moment is proportional to the ordi- 
nates to the curves of unit deformation at the center of the slab. 
If the unit deformation be considered as uniformly distributed, 
with a constant ordinate equal to the maximum ordinate in the 
actual curves of deformation, the width of the slab, having 
a resisting moment equal to that of the slab tested, may be 


Curves of Unit Deformation on Top of Slab 
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Span=5 ft. Effective Depth=5 in. Reinforcement =0.91 per cent. 
Fic. 5.—Slab No. 730. 


obtained by equating the area of the theoretical rectangle of 
deformation to that of the actual curves of deformation. In 
this way the effective widths of the slabs given in Table II were 
obtained. 

These values seem to indicate that the effective width of 
the slab hovers in the vicinity of the span length. This can 
not be stated as a general proposition, for doubtless factors 
other than the span length, such as depth, percentage of rein- 
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forcement, etc., have influence on the effective width. The 
values given above are merely approximate estimates and are 
not exact. To obtain correct values for the effective width, 
it will be necessary to have the slab of such a width that the 
deformations vanish at the sides, and in the slabs tested this 
is not the case. Moreover, as before stated, many more tests 
will have to be performed before any definite conclusion can 
be drawn regarding the influence of all of the variable fac- 
tors on the stress distribution. It is interesting to note that 
when the ordinary straight-line formula for resisting moment 
(M =f,jkbd?~ 2) of a rectangular reinforced concrete beam is used, 
and the concrete is considered as governing this resisting moment, 
the effective width of slab obtained, when the modulus of elas- 


TABLE JI.—EsTIMATES OF THE EFFECTIVE WIDTHS OF SLABS UNDER 
WorKING STRESSES. 


Effective Width, ft. 
r | Ratio of Effective Width 
Ke From — (from curves) to Span. 
Curves. Je. kd? 
6 5.25 4.66 0.9 
5 5.5 5.0 1.1 
6 5.75 5.92 0.96 
6 7.16 5.25 1.2 - 


ticity of the concrete is taken at 2,000,000, checks in most cases 
with that obtained from the curves. These widths are given in 
the second column of Table II under “Effective Width,” and 
were calculated using values for f, corresponding to the maximum 
unit deformation under the load, taken from the cross-sectioned 
curves which represent very closely the conditions that obtain 
under working loads. 

The curves of unit deformation on the bottom of slab 
No. 679, shown in Fig. 3, are of principal interest in showing 
that it is almost useless to attempt to obtain the stress distri- 
bution and effective width from readings in the steel. It will 
be noted that great irregularities occur in these curves. Where 
peaks in the tension curves occur, it was discovered that cracks 
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had formed in the concrete within the spaces over which those 
particular measurements were taken, and indicate a large 
stretch in the vicinity of the cracks. There is a much smaller 
stretch on each side of the cracks where the concrete assisted 
the steel in tension. 


Curves of Unit Deformation on Top of Slab 
| 


Width=9-0" 


Deflections at ¢ 


Span =6 ft. Effective Depth=5in. Reinforcement =0.91 per cent. 
Fic. 6.—Slab No. 730. 


CuRVES OF DEFLECTION. 


The curves of deflection are of principal interest in showing 
the shape assumed by the center line of the slab parallel to the 
supports when the loads are applied. As in the case of the 
deformation curves, the deflection curves show the local effect 
of the load in deforming the slab. The maximum deflections 
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for the different loads on the same slab seem to be approximately 
proportional to the loads applied, when the loads are not exces- 
sively large. 

MaAxIMuM CENTRAL LOAD AT FAILURE. 


The maximum loads applied to the centers of the slabs at 
failure are given in Table III. 


Curves of Unit Deformation on Top of Siab 


6.00025 


i 


Span=5 ft. Effective Depth=6 in. Reinforcement =0.75 per cent. 
Transverse Reinforcemeat = 0.33 per cent. 


Fic. 7.—Slab No. 737. 


The shape of the cracks on the bottom of each slab is 
shown in Figs. 9 and 10. Slab No. 679, although without 
any transverse steel whatever, cracked almost in a straight 
line across the center from side to side, and failed probably by 
tension in the steel. No. 706, a wide slab tested on a short 
span, failed, as might be expected, by shear. The bearing 


i 

— 

if 

a 
ERR 

Deflections at ¢ 


870 GOLDBECK ON REINFORCED CONCRETE SLABS. 


cylinder, 6 in. in diameter, punched a hole in the center of this 
slab at failure, and the concrete was badly cracked under the 
load. The cracks extended on each side of the load over a width 
of about 5 ft. No. 730, tested on a 6-ft. span, failed probably 
by tension in the steel, and unlike No. 679, two diagonal cracks 


Curves of Unit Deformation on Top of Slab 
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Deflections at ¢ 


Span=6 ft. Effective Depth=6in. Reinforcement =0.75 per cent. 
Transverse Reinforcement =0.33 per cent. 


Fic. §&.—Slab No. 737. 


were formed extending over a width of about 5 ft. No. 736 
also failed by tension. It was the thinnest slab tested, and in 
addition to the diagonal cracks, others developed at right angles 
and parallel to the supports. No. 737, like No. 730, and not- 
withstanding the fact that it was reinforced transversely with 
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TABLE III.—CENTRAL LOADS AT FAILURE. 


Span, ft. | Bearing Area, sq. in. | Central Load, Ib. 


11.5 18 21 500 
42 800 
24 700 
7 560 
34 200 


Nore: See Table I for description of slabs. 


0.33 per cent of steel, developed diagonal cracks, extending in 
this case over a width of about 6 ft. The width over which 
these tension cracks extend in all of the slabs tested is very 
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Span 


21, 500 


SLAB No. 679. 
Fic. 9.—Bottom of Slab after Failure, 
showing Shape of Cracks. 


instructive and is indicative of the width over which the bend- 
ing moment was most largely resisted at failure. Perhaps it 
is significant that in the case of Nos. 706, 730 and 737, the 
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widths over which the cracks extend correspond reasonably 
well with the calculated effective widths under working loads. 

No definite conclusions can be safely drawn from the tests — 
thus far made, but the data collected are useful in indicating 
that in slabs of the kind described and of 3 to 6-ft. span length, 
the concentrated central load might quite safely be considered 
as carried by a width of slab equal to not more than 0.8 of the 
span length. Detailed conclusions are not warranted until more 
tests are made. The specimens, on account of their size, are 
heavy and unwieldy; their testing is very laborious and con- 
sumes time; and it is therefore earnestly hoped that the solution 
of the problem will be hastened by the cooperation of other 
investigators in this field. 

In conclusion the writer wishes to acknowledge his appre- 
ciation for the cooperation and suggestions of Mr. Charles H. 
Moorefield in designing these tests and preparing this paper, 
to Messrs. F. H. Jackson, Jr., and J. P. Nash for their assist- 
ance in making the tests, and to all others who have lent their 
aid in obtaining the above-described results. 
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DISCUSSION. 


Mr. W. A. SLATER (by /etler).—An investigation similar to 
the one reported on in Mr. Goldbeck’s paper is being carried on 
at the University of Illinois. Three series of tests have been 
completed, and some of the results were reported in a paper 
presented by the writer at the Ninth Annual Convention of the 
National Association of Cement Users in December, 1912. In 
so far as these tests may at present be considered to give basis 
for conclusions, these conclusions agree closely in kind with 
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those reached by Mr. Goldbeck, though there are some quan- 
titative variations from his results. 

The tests on which this discussion is based were made on 
(a) a large number of beams having a span of 4 ft. and widths 
varying from one-half the span up to twice the span, (b) one 
beam having a span of 10 ft. and a width half as great, and (c) 
two beams having a span of 30 in. and a width 3.2 times as 
great. The loads were applied at the one-third points of the 
span. 

Mr. Goldbeck has stated that his deformation measure- 
ments were taken generally upon the concrete, and that measure- 
ments upon the steel give such erratic results as to be of little 
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value. The writer agrees that measurements on steel are likely Mr. Slater. 
to be erratic, but he believes that since the steel stress is more 
likely to be critical than the concrete stress, conclusions should 
be based on the results of measurement of steel stress. This 
seems especially important in view of the form of typical steel 
stress distribution curves shown in Fig. 1.1 Here it appears that 
the variation between the stress at the center of the beam and 
that at the edge is much more extreme than is found in the con- 
crete stress. The effective width then (that width in which, if 
the entire moment were resisted, a uniform stress would be 
developed which would be equal to that actually found at the 
center of the beam) should be less than that as determined on 


‘ 


2) 
£ 
> 
Ww 
c 


0 02 04 06 08 10 12 i416 18 20 22 04 26 28 30 
Ratio of Total Width toSpan 


2. 


the basis of concrete stresses, and deductions as to relation 
between span and effective width will be more conservative. In 
one portion of Mr. Goldbeck’s paper it is stated that cast-iron 
plugs drilled for measurement were wired to the reinforcing. 
Wherever a crack opens there must be local slipping of the bar 
through the concrete, and since these cast-iron plugs must move 
with the concrete rather than with the steel any movement of 
the plugs will indicate essentially the opening of cracks rather 
than stress in the steel. If, then, measurements for steel 
deformation were taken on these plugs the results should be 
expected to be erratic. More consistent results have been 
obtained from measurement directly upon the steel. 
Fig. 2 shows the ratio of the effective width to the span as 


1Acknowledgment is made to the Engineering Record for the use of the cuts of Figs. 1 to3 
of this discussion.—Ep. 
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determined from the measured steel stresses in the University 
of Illinois tests. It is to be noted that there is apparently a 
sudden change in the distributing action between the points 
where the width is respectively three-fourths of and equal to 
the span. The curve was made to conform to the lower value. 
Apparently at a width of about two spans this ratio becomes 
constant, or nearly so, and equal to about seven-tenths of the 
span for the mean curve. The fact that Mr. Goldbeck’s values 
of the ratio of effective width to span are higher than those 
found by the writer may be due partly to the fact that they are 


based on concrete stress instead of steel stress, and partly to the 
fact that the load in his tests was applied at the one-third points 
of the span. 

That the method of loading may be expected to influence 
the effective width may be seen by comparison of Fig. 3 of this 
discussion with Fig. 9 of Mr. Goldbeck’s paper. It has been 
pointed out that the distance between the radiating cracks 
where they reach the edge of the beam is to some extent indica- 
tive of the effective width, and it has been suggested that for 
a very wide beam this distance is about equal to the span. In 
other words, the angle @ between the center line of the beam 
and the general direction of the crack is constant and its tangent 
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equal to unity. If the distance from the load to the support be Mr. Slater. 
called x, the effective width 6, the span s, and the width of 
loading blocks e, then 


Ss 

Ifz = >? b=s+e. 
2 

If x b= 


The former value agrees approximately with Mr. Goldbeck’s 
results and the latter with those obtained by the writer. If as 
a conservative coeflicient tan be taken as 0.8, as is proposed by 


TABLE I. 
| 
Measured Stress, Calculated Stress, 
lb. per sq. in. lb. per sq. in. 
Beam | Width Longitudinal Load = 
No in, || Reinforcement,| Considered, 
' per cent. Ib. Based on|Based on 

|Maximum.| Average. | Effective| Total 
Width. | Width. 
765.1 72 1.04 32 000 20 000 10 300 21 500 11 100 
765.2 72 1.04 40 500 29 000 11 000 37 000 14 100 
753.1 48 1.51 42 500 21 000 12 300 27 000 15 900 
753.2 48 1.51 42 000 22 500 15 600 22 500 15 600 
763.1 48 1.04 31 600 42 000 15 600 46 000 16 500 
763.2 48 1.09 40 300 42 000 21 400 40 000 20 200 
762.1 36 1.02 38 500 26 500 25 300 28 300 27 300 
751.1 24 1.07 37 000 35 000 29 600 44 500 37 700 
752.1 24 1.07 41 500 37 000 33 600 32 000 29 800 


Mr. Goldbeck, 6=0.8s-+e and b=0.53s+e, for beams loaded at ee 

the center and one-third points respectively. a 
Table I has been prepared to show a comparison between 

the measured and the calculated stresses. It is seen that when 

the width assumed in the calculation is the total width of beam, 

the calculated stress agrees reasonably well with the average 

measured stress. When the width assumed is the effective 

width, the calculated stress corresponds with the maximum 

measured stress. Thus, if the effective width at any load be 

known, a beam may be designed so that the maximum stress 

will be approximately equal to any stress which may be assumed 

in design. However, it must be borne in mind that the deter- 

mination of the effective width has been based on the stresses 
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observed at loads less than the ultimate. While it may be 
expected that in a beam designed by the methods outlined here, 
the stress in the center of the beam at the design load will not 
be larger than the assumed working stress, the factor of safety 
may be less than that which is indicated by the ratio of the 
yield point stress to the working stress assumed. If from the 
maximum loads given in Table III of Mr. Goldbeck’s paper, the 
bending moment be calculated and equated to the expression 
for resisting moment, as given in the equation M = pf, jbd?, it is 
possible to solve for b, the width of beam which must be effective 
to produce the yield point steel stress of 38,800 Ib. per sq. in., 
the yield point of the reinforcement rods used in Mr. Goldbeck’s 
tests. These calculations give values of the effective width 
sometimes higher and sometimes lower than obtained by the 
method employed in Table II of his paper. In the tests made at 
the University of Illinois, it seems in general that the effective 
width as based on the ultimate load is less than that obtained on 
the basis of steel stress at loads less than the ultimate. The 
meaning of this may be either that the steel stress increases 
faster proportionally than does the load, or that the failure is 
due to something other than stress in the steel—perhaps to trans- 
verse tension in the concrete. An attempt has been made to fix a 
criterion to determine whether transverse tension in the con- 
crete is likely to be the determining factor in any given case, but 
so far nothing general has been determined. In view of the 
uncertainty which surrounds the matter as yet, it seems to the 
writer that it would be in the interest of safety to use a value of 
2 for tan ¢ or an effective width of 4/3 x+e and to limit the lon- 
gitudinal reinforcement to one per cent or less. In view of the 
statement which follows, indicating that the effective width is 
independent of the amount of longitudinal reinforcement, it may 
appear inconsistent to limit the latter to one per cent. This 
limitation is placed because of the possibility that in a beam with 
a large amount of longitudinal reinforcement and a relatively 
small depth, failure may be caused by transverse tension in the 
concrete and not by longitudinal steel stress. Under such cir- 
cumstances, the effective width would not be a significant factor 
in the calculation of the ultimate strength of the beam. 
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It must be understood that the equation proposed for deter- 
mining the effective width represents the conditions which may 
be reached in the limiting case when the span is finite and the 
width infinite. For widths greater than 2s it probably is a 
sufficiently close approximation to be used without fear of serious 
error. For a beam whose width is less than twice the span, the 
proportionate reduction in the effective width is indicated in 
Fig. 2. 

In Mr. Goldbeck’s paper it is mentioned that “factors 
other than span length, such as depth, percentage of reinforce- 
ment, etc., may have influence on the effective width.” Experi- 
mental evidence has been found indicating that for loads below 
the ultimate, the effective width is independent of the percentage 
of longitudinal reinforcement. By analogy, it would be expected 
to be independent of depth also. In Table II of Mr. Goldbeck’s 
paper, however, a slight tendency for the effective width to 
increase with the depth is apparent. On the other hand, tests 
at the University of Illinois indicate a slight tendency for the 
effective width to vary inversely with the depth. In view of 
the fact that the variation in effective width corresponding with 
variation in depth is very slight, and in opposite directions in 
the two cases, it would seem that depth as a factor influencing 
the effective width is unimportant. Thus it is indicated that 
while factors other than span length may have influence on the 
effective width, these other factors are relatively unimportant. 
Therefore, for beams without transverse reinforcement the 
method observed in the paper and in this discussion, of consider- 
ing the span length as the important factor governing effective 
width, seems to be justified. 

In the oral presentation of his paper, Mr. Goldbeck has 
called attention to the fact that assuming the effective width as a 
constant proportion of the span results in the obtaining of a 
constant depth for all beams required to support the same 
concentrated load P regardless of the span. This does not seem 
unreasonable when it is remembered that for the same total 
load similarly placed on the span, the moment and the effective 
width both increase directly with the span, thus keeping the 
moment per unit of width constant. This is shown by the fol- 
lowing equations: 
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Let S,=span, 6,=effective width, and M,=moment on 
span S;; 
M, 
then ca =moment per unit of width. 
1 
For any other span kS;, kM,=moment and kb, =effective 
width. 


The moment per unit of width then becomes J as 


before. 


Inches, 


ationin 


30 40 50 60 
Distance from Edge of Beam in Inches. 


Black 


Fic. 4. 


The moment considered here, of course, is only the live- 
load moment. ‘The dead-load moment shows a substantial 
increase with the span, and the corresponding increase in depth 
of slab or percentage of reinforcement required is considerable. 

In this discussion all that has been said applies only to 
beams without transverse reinforcement. Tests have been made 
on beams having various percentages of transverse reinforce- 
ment, and in so far as deductions are justified, these tests have 
not shown conclusively that transverse reinforcement for the 
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purpose of resisting transverse bending stress is economical. As 
a general consideration, however, it seems that there ought to be 
a small amount of transverse reinforcement for the purpose of 
distributing deformation due to variations in temperature. 

In some of the University of Illinois tests, measurements of 
deformation in a transverse direction at several points along the 
width of the beam were taken at the center of the span. Results 
of such measurements are shown in Fig. 4. It should be 
expected that transverse flexure would be present in a beam 
loaded as this one was, and the shape of this curve is such as 
to confirm this opinion. However, one feature of this curve 
which may be unexpected is that the transverse deformation 
changes from a shortening at the center of the width of the 
beam to an elongation near the edge. I should like here to ask 
Mr. Goldbeck if he found any indication of this phenomenon, 
namely, elongation in a transverse direction on the upper sur- 
face of the slab. 

Mr. A. T. GoLtpBEcK.—The deformation readings taken on 
the top of the slab parallel to the supports were very small and in 
general indicated compressive stresses not exceeding 40 to 50 
Ib. per sq. in. In a few instances, tensile stresses of negligible 
magnitude were detected, but these might have been caused by 
inaccuracy in reading the strain gage. 

Mr. SLATER.—When results of this sort were first obtained 
at the University of Illinois a year ago they were regarded with 
much suspicion. However, the values plotted in Fig. 4 are 
from a subsequent series of tests and are obtained from averages 
of a number of independent observations. The values obtained 
from individual observations, not given in Fig. 4, were suffi- 
ciently concordant and the curve shown is sufficiently symmet- 
rical to give one considerable confidence in the results. 

Mr. W. K. Hatt.—A somewhat similar problem arises in 
the ordinary flat-slab reinforced concrete floor in which a com- 
paratively wide band or beam element rests on a narrow column 
support. I should like to ask the author of the paper if he 
observed the fine cracks which occur at comparatively low steel 
stresses of 4000 to 5000 Ib. per sq. in. 

Mr. GotpBeck.—I might say that the readings of the 
strain gage taken on the bottom of the slabs were always indica- 
tive of the position of the cracks. Whenever we obtained a 
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large reading in tension, we always looked for a crack and 
invariably discovered it. Moreover, the cracks were always dis- 
covered under low tensile stress. 

Mr. A. Marston.—In our bridge designing in connection 
with highway work, we find this problem to be of the greatest 
importance, and as a suggestion for further work, I should like 
also to call attention to the connected problem of finding the 
distribution of loads from a concentrated load applied through 
a depth of filling material. A similar problem also arises in the 
design of the ordinary bridge floor consisting of plank resting on 
wooden or steel joists; in fact, it seems to be comtinnalty coming 
up in our highway bridge design work. 

Mr. SLATeR.—In the table given by Mr. Goldbeck, there 
is a slight increase in the effective width as the depth increases, 
that is, a variation of from about nine-tenths of the span for a 
depth of 4 in. up to 1.2 times the span for a depth of 6 in. 

Again, there were one or two other variables in these tests, 
and I wonder if variation in the effective width is to be 
attributed to the depth or if it is more likely to be accidental. 
At the University of Illinois, we have tested beams having 
depths of 3 and 6 in. without any intermediate depth, and 
though there are not much data on that point, the tendency 
seems to be to decrease the effective width with the increase of 
depth. This tendency is very slight and in a direction opposite 
to that shown by Mr. Goldbeck’s tests. On the same basis 
that percentage of longitudinal reinforcement may be neglected 
as a factor, the ratio of depth to span or to width also may be 
neglected. I should like to ask whether Mr. Goldbeck has an 
opinion on this point. 

Mr. GotpBeck.—I believe we have obtained so few results 
that an opinion is hardly warranted. I don’t think we have 
made enough tests to determine whether the effective width is 
dependent on the depth of the slab or whether it is not. I think 
we shall require a great many more tests to determine all the 
factors that enter into this problem. 

Mr. C. T. Morris (by letter).—Practically all loads applied 
to highway bridge floors are concentrated loads on small areas. 
The present methods of treating these concentrated loads in 
designing reinforced concrete slab floors and in designing the 
supporting beams beneath, are so widely at variance and the 
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methods of analysis so unsatisfactory, that the writer, as Mr. Morris. 


Engineer of Bridges for the State Highway Department of Ohio, 
started a series of tests in the fall of 1911 to determine the 
distribution of concentrated loads through reinforced concrete 
slab floors. These tests have been carried on in the concrete 
laboratory of the Ohio State University. The set of tests 
contemplated involves three distinct series: 


1. The determination by laboratory experiments of the 
distribution of the load through the slab to the support- 
ing joists of a floor with several lines of joists. 

2. The determination by laboratory experiments of the 
width of slab over which the concentrated load should 
be considered as distributed when designing the slab 
itself. 

3. The determination of each of the above distributions by 
experiments on actual bridge floors under service. 


The first two series have been about half completed. 

Of the first series eight slabs 5 by 8 ft. have been tested, 
supported upon three lines of joist of 12-ft. span, spaced 3} ft. 
center to center. These tests were made with a single concen- 
trated load over the center of the middle joist. The tests were 
run only up to the safe load on the joists. 

Of the second series 7 slabs have been tested to destruction. 
These were all of 3}-ft. span, center to center of supporting 
beams, and were of three widths, one 1 ft., three 34 ft., and 
three 7 ft. Of this series there yet remain to be tested 14 slabs, 
of which 5 are made and ready for test and 9 yet remain to be 
made. Five of these nine are so large that at present they can not 
be handled in our laboratory, but the other four will probably 
be made this summer and tested in the fall. 

It is expected that the third series of experiments, namely 
the tests of actual bridge floors, will be completed this summer. 

The data are not yet sufficient to warrant any definite 
conclusions, but in general it may be stated from the first series, 
that the middle beam carries not over 50 per cent of the total 
load when the slab is 6 in. thick, 3} ft. span, and the joists are 
12 ft.span. From the tests of the 3}-ft.-span slabs of the second 
series it would seem that the effective width of slab was about 
equal to the span as given by Mr. Goldbeck in his paper. 
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TEST OF A 40-FOOT REINFORCED CONCRETE 
HIGHWAY BRIDGE. 


By D. A. ABRAMs. 


PRELIMINARY. 


Among the first endeavors of the Illinois Highway Commis- 
sion, after its organization in 1906, was the improvement of 
the ordinary highway bridges of the State, and their engineer, 
Mr. A. N. Johnson, immediately inaugurated plans for the 
design and introduction of a type of bridge which would be 
satisfactory for a large number of short-span crossings. Every 
consideration indicated that reinforced concrete was the proper 
material. An exhaustive study of the different types, led to 
the design of a through-girder bridge with suspended floor. 
A bridge of this type has obvious advantages for roadways of 
ordinary width, and is peculiarly adapted to the conditions in 
Illinois, since it gives a maximum water-way in locations where 
headroom is limited. Several hundred bridges of this form have 
been built through the cooperation of the city or township road 
commissioners and the Highway Commission, and all are now 
giving satisfactory service. The spans thus far constructed 
- vary in length from 24 to 60 ft. 

In order to furnish an object lesson for the benefit of skep- 
tical advocates of older types of highway bridges, it was 
determined to make a test on a bridge of this kind by subjecting 
it to a load much more severe than it would ever be expected to 
carry in service. It was also felt that in this way valuable 
information could be obtained as to the action of the bridge 
under unusual loading, and thus secure a check on certain 
details of the design. Accordingly, in 1907, a bridge of 40-ft. 
span and 18-ft. roadway was built for testing purposes, from the 
design that was then being used. The test bridge was built 
inside the prison yard at the Southern Illinois Penitentiary, 
near Chester. All labor of constructing and testing the bridge 
was performed by convicts. 
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Mr. A. N. Johnson is responsible for this design and for 
planning and carrying out the tests described below; and the 
work of building the test bridge and conducting the tests was 
done under his direction. The writer is indebted to Mr. Johnson 
for information concerning the construction of the bridge. 

Especial acknowledgment is due to the officials of the 
Southern Illinois Penitentiary for their hearty cooperation in this 
work. The expense of such a test would have been prohibitive 
under ordinary circumstances, and these experiments were possible 
only as a result of having the facilities of the penitentiary placed 
at the disposal of the Highway Commission. It was through 
the courtesy of Mr. L. L. Emerson, of the Mt. Vernon Car Co., 
that three carloads of pig iron were available asa portion of the 
loading material. Mr. N. E. Ensign, Instructor in the Univer- 
sity of Illinois, gave valuable assistance in making the final 
load test and in compiling the data. 


DESIGN AND CONSTRUCTION OF BRIDGE. 


Design of Bridge—The test bridge was designed for the 
usual loading of 125 lb. per sq. ft., uniform load, or a 24-ton 
traction-engine load distributed over an area 10 by 12 ft. The 
girders were 24 in. wide on top and had an over-all depth of 6 ft. 
1 in. Ornamental paneling, both inside and outside, served 
to relieve the severe lines of the design. The floor consisted of 
a 123-in. reinforced concrete slab, suspended from the lower 
portion of the girders and built monolithic with them. The 
abutments were of the low wing-wall type of plain concrete, 
18 in. thick. They rested directly on the rock floor of an aban- 
doned quarry. Details of the design are shown in Figs. 1 and 2. 

The longitudinal reinforcement of each girder consisted of 
ten 1}-in. cold-twisted square bars, placed horizontally through- 
out their length in four layers, as shown in Fig. 1. The depth 
of the girders from the top to the centroid of the longitudinal steel 
(the effective depth) was 5 ft. 6 in. The webs of the girders 
were reinforced with vertical stirrups of } to 3-in. cold-twisted 
square bars, spaced as shown in Fig.1(). These stirrups were 
bent in a U-shape and they engaged all the longitudinal bars 
and extended to the top of the girder. The webs of the girders 
were further reinforced by carrying each third bar from the 
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cross reinforcement in the floor up into the girder, as shown in 
Fig. 2. In the design, the girders were assumed to carry the 
entire dead and live Joad as simple reinforced concrete beams 
under a uniformly distributed load. 

The bridge floor was suspended from the lower portion of 
the girders as indicated above and rested directly on the abut- 
ments at the ends of the bridge. The principal floor reinforce- 
ment consisted of j-in. cold-twisted square bars, 4% in. apart, 
placed across the roadway at right angles to the girders. The 
ends of these bars were disposed as shown in Fig. 2. One-half- 
inch twisted square bars, 12 in. apart, parallel to the girders, 


18'0" 245 


4° 2 


3 Bars,l2°C.C VA 14 Bars 


F Bars, 42 C0. 
Every third Bar bent up, as \shown. 


2. 


End Elevation. Cross Section. 


Fic. 2.—Section of Test Bridge. 


served to distribute the floor loads and to take temperature 
stresses. 

The bridge, exclusive of the abutments, contained 97 cu. yd. 
of concrete and weighed about 206 tons. 

Construction of Bridge—The concrete was a 1:2} :5 mix 
by loose volume. Mississippi River sand and a hard grade of 
crushed limestone from the prison crusher, in sizes varying from 
? to 1} in., formed the aggregates. The concrete was mixed by 
hand. All reinforcement consisted of cold-twisted, mild-steel 
square bars. Bars could not readily be obtained in lengths of 
43 ft. for the longitudinal girder reinforcement, hence it was 
necessary to weld all the 1}-in. bars at about 10 ft. from one 
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end. The welds were alternated when the bars were placed. 
The welding was done at the prison shop. The results of tests 
made on samples of the original and welded bars as reported 
by the the laboratory of the Office of Public Roads, Washing- 
ton, D. C., are given in Table I. 

All labor of erecting forms, placing steel, mixing concrete, 
etc., was performed by convicts who had had no previous expe- 
rience in this kind of work. It was extremely difficult to induce 
the men to do the amount of turning which was considered nec- 
essary for the best results, hence it is felt that the concrete 


TABLE I.—TENSION TESTS OF TWISTED SQUARE Bars. 


TESTS MADE BY OFFICE OF PuBLIC Roaps, WASHINGTON, D. C., FRoM SAMPLES FUR- 
NISHED BY A. N. JOHNSON FROM MATERIALS USED IN TEST BRIDGE. REPORTED By L. W. 
PaGE, JUNE 8, 1908. 


Elastic Ultimate Reduction 
Limit, Strength, of Area, Remarks. 
F ; Ib. per sq. in.|Ib. per sq. in.| per cent. 
Solid... * | i} 1.49 56 000 68 000 46 Broke in grips. 
Welded....... | 1} 1.49 30 000 44 000 as Broke in weld. 
Solid... | | 0.74 | 69000 77 000 32 
Heated........ | ra 0.74 47 000 61 000 62 
Solid. 2 5 0.39 |- 66000 84 000 38 
Heated........ 8 0.39 38 000 62 000 63 


All specimens gave a silky fracture. 


obtained was not of the best quality, even for the conditions 
under which the test bridge was built. The quality of the con- 
crete in this bridge was apparently decidedly inferior to that 
obtained under ordinary field conditions. 

The concrete was placed December 26 to 31, 1907. The 
temperature during construction varied from 54° to 28° F. On 
December 31, the temperature was as low as 28° during the 
forenoon, and stood at about 35° during the afternoon. The 
girders were sufficiently protected to show no frost action, but 
scale was formed over certain areas of the floor, which later 
peeled off to a depth of about } in. 
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PRELIMINARY Loap TEsTs. 


Two preliminary load tests were made. From May 5 to 
10, 1908, when the bridge was about four months old, a load 
amounting to 106 tons, equivalent to 296 lb. per sq. ft., was 
placed on the bridge floor and was allowed to remain for three 
weeks. This load consisted of about 12 in. of crushed stone, 
upon which blocks of cut stone weighing 100 to 200 lb. each 
were piled. According to the constants used in the design, 
this load should produce a stress in the longitudinal steel of the 
girders of 16,000 lb. per sq. in. 


200, 000 
2400, 000 
LOAD DIAGRAM 
0 
N ---- W.Girder 
N —— E.Girder 
DEFLECTION DIAGRAM Floor 
2 = = = >— 10-0) 
0.1 
02 
12M. 12M. 12M. J2RM. 12M. 12M. 12M. 
5th 6th 7th gth ne. 
May, 1908. 


Fic. 3.—Deflections under Preliminary Test Load. 


During the application of the load, and during the time the 

load remained in place, measurements were made of the deflec- 

‘tions of the centers of the girders and the floor. In Fig. 3 the 
observed deflections and the progress of loading are shown. 

The curves show an average deflection of about 0.04 in. for the 

girders under a total load of 106 tons. The unknown effect of 

temperature, in connection with the rather crude methods of 

measuring deflections, will account for the variations found. 

The wide fluctuations in the deflection measured for the floor 
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during the early stages of the loading, cannot be accounted for; 
the readings during the later stages of the test are more con- 
sistent, and show a deflection of the floor, plus the girder, of 
about 0.12 in. 

In June, 1909, when the bridge was 1} years old, a second 
preliminary load test was made under the direction of Prof. 
C. J. Tilden. In planning this test it was the intention to 
apply a heavy concentrated load, first to the bridge floor and 
then to the tops of the girders, in order to study the effect on the 
general behavior of the bridge, and in particular on the detail 
of the connection of the floor slab to the girders. The most 
practicable load available. was a loaded freight car. A track 
was built and provision made for pulling the car on and off the 
bridge. The car was loaded with stone in such a way that a 
load of 44 tons came on one truck. The track was laid in 12 in. 
of ballast, but the load of 44 tons was the only load that 
affected the measurements taken in this test. In order to con- 
centrate the load, a separate piece of track 5 ft. long was placed 
in the middle of the span to receive the loaded truck. 

Deflections in the floor and girders and deformations in the 
girders were measured with the car on and off the bridge. The 
girder showed a center deflection of about 0.025 in. due to the 
load of 44 tons, but the temperature change with the load on 
or off the bridge was found to be about 0.02 in. The methods 
which were then available for measuring deformations in the 
girders, were not well adapted for out-door work in locations 
where wide variations in temperature and humidity are encoun- 
tered. However, the test indicated that the deflection under 
load was small, and that temperature changes were a disturbing 
factor which would have to be taken into account in interpret- 
ing the results of such tests. The measurements of deforma- 
tions were not very reliable, but they indicated a lower position 
of the neutral axis that had formerly been assumed. On 
account of the small deflections produced by the concentrated 
load on the floor, it was considered impracticable to attempt to 
apply a load to the girders only with the means available. 

The writer is indebted to Mr. A. N. Johnson for informa- 
tion regarding the preliminary tests. 
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Frnat Loap TEst. 


Preparation Before beginning the final load test, loose 
material was cleared away and several brick piers were built 
under the girders and floor for use in measuring deflections at 
various points. The location of these piers is shown by the 
circles on the drawing in Fig. 4. Openings were cut in the 
concrete to the depth of the steel bars at various points along ~ 
the lower flange of the girders, and in the floor in order to locate 
gage holes for use in measuring deformations in the steel. For 
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Fic. 4.—Location of Points of Deflection Measurements. 


measuring concrete deformations at the upper surface of the 
girders, steel plugs were set in small holes drilled in the con- 
crete. The outsides of the girders were white-washed in order 
to facilitate the mapping of cracks. 

Method of Loading.—It was desired to apply the load in a 
manner that would approximate as nearly as possible the condi- 
tions of a uniformly distributed load on the bridge floor. The 
principal loading material consisted of crushed limestone from 
the prison crusher nearby. In order to prevent arching of the 


f 
Yung 
| 
| 
| 
| 
ay 
TERY, 
, 
= 
— 


892 ABRAMS ON TEST OF A 40-FT. CONCRETE BRIDGE. 


loading material due to the deflection of the girders and floor, 
it was deemed advisable to build a series of separate bins for the 
crushed stone. The bins were eight in number, 7 ft. square 
inside, placed four on each side of the center line of the bridge, 
as shown in Fig. 5. They were built up of 2 by 6-in. lumber, 
laid flatwise and spiked together at the corners. It will be 


- seen that the edges of the outer bins were 23 ft. inside the outer 


Fic. 5.—Arrangement of Stone Bins. 


faces of the abutments. The bins were first built up to a height 
of about 5 ft. over the entire floor. A runway was then con- 
structed over the tops of the bins and the crushed stone dumped 
from wheelbarrows. After this portion of the load had been 
placed, the bins were carried up a few feet at a time, and the 
remaining portion of the stone load was placed by means of a 
horse-power derrick, which was erected at the side of the bridge. 
Each wagonload of ‘stone was weighed on a platform scale be- 
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TABLE II.—PrRoGRESS OF LOADING TEST BRIDGE. 


Date. Remarks. 

July 26, 1911....... Began building stone bins on bridge floor. Built brick piers for 

eflection measurements. Took series of temperature readings. 

“ 97... .| Continued building bins; took temperature readings, initial deflec- 
} readings, and initial readings of steel and concrete deforma- 

ions. 

a | Se Load of 6 tons on bridge, consisting of lumber in the stone bins. 
Took frequent series of temperature, deflection and deformation 
readings. 

a .| Began loading stone. Total load on bridge at 4.30 p. m., 89 tons. 

et Se eee Loading stone. Load at 4.30 p. m., 122 tons. 

Built stone bins in forenoon. Load on bridge at noon, 128 tons. 
Began loading stone 2.30 p.m. Load at 4.30 p. m., 166 tons. > 

aia SO Began loading stone at 8 a.m. Load at 11 a.m., 219 tons. Built 
bins in afternoon; load at 5 p. m., 225 tons. 

eae Serer Began loading stone at 9 a.m. Load at 4.30 p. m., 280 tons. 

NS eat rete Built bins; load at 4 p. m., 283 tons. 

Load on bridge remained at 283 tons. 

oY -Mastersasne Began loading stone at 8a.m. Load at 5 p. m., 335 tons. 

or, Dee ee Loading stone and building bins; load at 5 p. m., 369 tons. 

i | See Loading stone and building bins; load at 5 p. m., 418 tons. 

FD Se sain Took full set of readings, plotted cracks and took photographs. Load 
remained at 418 tons. 

~~ Mow... Load, 418 tons. Took set of readings on August 25. 

Began loading pig iron; 12 tons placed on each girder. 

fF RS vcs shack Loading pig iron on girders; at 2 p. m., 44 tons had been placed on 
each girder. No further load was put on east girder. ‘ontinued 
loading pig iron on west girder. t 4 p. m., 80 tons pig iron on 
west girder. 

September 1........ Loading pig iron on west girder. Load at 11.30 a. m., 100 tons. 
This was the maximum load applied to the test bridge—100 tons 
of pig iron on the west and 44 tons on the east girder, in addition 
to the 418 tons of stone on the bridge floor. 

= 2to4 Load remained on the bridge as above. 

Began removing pig-iron load. 

” | ae All pig iron removed from the girders. 

Took full set of observations under stone load of 418 tons. 


September 8, 1911 | 


to 
August 12, 1912 
August 12, 1912.... 


“ 


August 


to 
September 3 | 


17 


Load of 418 tons remained on bridge. 


Set of readings taken Decem- 
ber 29, 1911. 


Took set of readings under load of 418 tons. 
Began unloading stone. Load at 4.30 p. m., 330 tons. 


Unloading stone; load at 11 a. m., 274 tons. Load at 4.30 p. m., 
205 tons. 


Unloading stone; load at 11.30 a. m., 160 tons. 


Load at 5 p. m., 110 
tons. 


Unloading stone; load at 11 a. m., 100 tons. Load at 5 p. m., 70 tons. 
Unloading stone; load at 3 p. m., 30 tons. 


Load remained as above. 


September 3, 1912...! Took deflection readings. 
Remainder of load removed. 
Took final observations. 
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fore it was dumped at the bridge site, so that at any time the 
exact weight of stone on the bridge could readily be determined. 

The stone bins were finally filled to a height of 21 ft., which 
was about the maximum height to which it seemed feasible to 
build them; this was also about the limit to which the derrick 
could be worked. ‘The total load on the bridge at this time was 
418 tons. Later, about 144 tons of pig iron were placed on top 
of the girders without throwing any additional load on the floor. 

Progress of Loading.—A detailed schedule of the loading 
and unloading is given in Table II. 

Three or four days were spent in preparing the bridges for 
loading, and in making deflection and deformation measure- 


Fic. 6.—Test Bridge with Stone Load of 89 Tons. 


ments, in order to study the effect of diurnal temperature changes. 
Loading of stone was begun on July 31, 1911, and at the close 
of the day’s work a load of 89 tons had been placed on the 
bridge. The appearance of the bridge at this time is shown in 
Fig. 6. 

The observations of temperature, deflection of girders and 
floor, and the deformations of concrete and steel at the various 
points, were taken at frequent intervals during the period of 
applying the load, and while the load was in place. In general, 
a complete set of observations was taken at an early hour each 
day, before the morning had an appreciable effect, and another 
set after sunset. It was hoped that in this way the effect of the 
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direct sun heat on the bridge and the measuring instruments 
would be less troublesome. Observations of temperature and 
deflections were taken at more frequent intervals during the day. 


(b) Side View. 
Fic. 7.—Bridge with Maximum Load in Place. 


On August 10, 1911, a total stone load of 418 tons had been 
applied to the floor. The load remained unchanged until 
August 30, when the placing of pig iron on the tops of the 
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girders was begun. The pig-iron load was distributed over the 
middle 30 ft. of the 40-ft. span. At first a load of 44 tons was 
placed on each girder. It was then seen that the amount of pig 
iron available, if placed equally on both girders would not 
produce as high stresses as had been expected; therefore, all 
the remaining pig iron was placed on the west girder. On 
September 1, a load of 100 tons of pig iron had been placed on 
the west girder, and 44 tons on the east girder, in addition to 
the 418 tons stone load. The appearance of the bridge under 
full load is shown in Fig. 7. The distribution of the load on the 
west girder is approximately shown in Fig. 18. 

It was the expectation that in this test the bridge would be 
loaded to failure, but the loading material available and the 
facilities at hand did not permit. The maximum load remained 
undisturbed from September 1 to 5, 1911. On September 6, the 
pig-iron load had been entirely removed, but the stone load of 
418 tons was allowed to remain in place until August 13, 1912. 
One complete set of observations were taken on December 29, 
1911. On August 13, 1912, the removal of the stone and bins was 
begun. Observations of the deformations in the concrete and 
steel of the girders and deflections of the girders were taken 
during the unloading of the stone, and after the removal of the 
load. Final observations were taken on September 5, 1912. 
It will be seen that the bridge carried an applied load equivalent 
to 318 tons per girder for four days, and a floor load of 418 tons 
for over a year. 

Measurement of Deflections——All measurements of deflec- 
tion in the girders and floor were taken from the brick piers 
mentioned above. These piers were built with spread footings, 
and their tops extended to within about 8 in. of the lower sur- 
face of the bridge. Five piers were placed under each girder; 
one at the middle, one at each quarter-point, and one as close to 
each abutment as it could be built. Three additional piers were 
built along the center line of the floor. The deflection measure- 
ments were taken by means of an Ames gage attached to a 
screw micrometer, as shown in Fig. 8. The measurements were 
taken between two 3-in. steel balls which were embedded in 
small steel plates. One such plate was set in plaster of Paris 
on top of the brick pier, and another attached directly above to 
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the underside of the bridge. The Ames gage had a travel of 
about 4 in. and could be read direct to 0.001 in. The screw 
micrometer, with a travel of 1 in., could be used for changes in 
deflection greater than the range of the Ames gage. As an 
illustration of the sensitiveness of this instrument in indicating 
changes of deflection, and also to show the action of the bridge, 
it may be of interest to note that with the full stone load on the 
bridge—418 tons, in addition to the weight of the bridge—an 


Fic. 8.—Deflection Instrument. 


appreciable movement of the pointer of the deflection instru- 
ment was produced by a man walking along the top of one of 
the girders. With the west girder carrying a load of about 
300 tons in addition to the dead load, an appreciable vibration 
of the pointer was produced by dropping the pieces of pig iron 
in place on top of the pile. 

Temperature Observations—In the preliminary tests men- 
tioned above, the changes in the position of the girders due to 
temperature variations made the interpretation of the observa- 
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tions difficult, and showed the necessity of determining in 
advance the effect of temperature. In the final test, three 
thermometers were used and the readings recorded at frequent 
intervals. Thermometer A was placed at the middle pier under 
the center of the bridge floor, where it was shaded at all times, 
and indicated the atmospheric temperature. ‘Thermometer B 
was placed inside the west girder about 10 ft. from the south 
end, in a steel pipe which had been set in the concrete for that 
purpose when the bridge was built. Thermometer C was placed 
with the bulb about 1 in. below the surface of the concrete in 
the top of the west girder, where it was sheltered from the direct 
rays of the sun by means of a light wood box which was open 
on one side to permit free circulation of air. During most of 
the time the hole in which thermometer C stood was filled 
with mercury. Three or four days before the application of 
load was begun, frequent observations of temperature and 
deflections were made for the purpose of determining the effect 
of the diurnal changes in temperature on the position of the 
bridge. 

Measurement of Steel and Concrete Deformations.—Tensile 
deformations of the steel were measured at the mid-points of 
the girders and at points about 5 ft. each side of the middle, 
and at two points near the center of the bridge floor. The 
measurements at the center of the girders were taken on the 
three bars of the bottom layer, and the other girder measure- 
ments on the middle bar only. The deformations of the floor 
steel were measured on two j-in. bars about 12 in. apart, near 
the middle of the span. Deformations were also measured at 
points near the middle of two 3-in. vertical stirrups, about 6 ft. 
from the north end of the west girder. Concrete deformations 
were measured at two points at the middle of the top of each of 
the girders and at single points about 5 ft. each side of the 
middle. 

All deformation measurements were made by means of a 
modified form of the Berry strain gage. This instrument con- 
sists of a framework carrying a pair of conical points which made 
contact with small holes drilled in the steel bar, or in case of 
concrete deformations, with holes drilled in small steel plugs 
set in the concrete for that purpose. One of these points is 
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rigidly attached to the framework, while the other is movable, 
and is carried by a bent lever in such a way that the change in 
position of the movable point due to a change in the length of 
the gage line is registered by an Ames gage ‘attached to the 
framework. The framework of the instrument used in this 
test was of aluminum. The form of the instrument is shown in 
Fig. 9. The gage length was 10 in. in all cases. For a more 
detailed discussion of this instrument and its use, reference may 
be made to Bulletin No. 64, of the University of Illinois Engi- 
neering Experiment Station, “Tests of Reinforced Concrete 
Buildings under Load,” by Arthur N. Talbot and Willis A. 


Fic. 9.—Extensometer Used in Measuring Deformations in 
Steel and Concrete. 


Slater. The instruments used in this test were loaned by the 
University of Illinois. 


RESULTS OF TEST. 


Effect of Temperature on the Deflection of the Girders—In 
Fig. 10, the relation of temperature to the position of the bridge 
is shown for the four days preceding the commencement of load- 
ing. ‘The atmospheric temperature ranged from 67° to 83° F. 
The thermometer (C) on top of the west girder indicated the 
effect of heating the concrete. This effect is most noticeable 
during the afternoons after the girders have been exposed to 
the sun for a few hours. It is noteworthy that the west girder 
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showed more change in deflection than the east, but the east 
girder was protected from the sun by the prison wall until about 
the middle of the forenoon. ‘The thermometer on top of the 
girder did not indicate the highest temperature to which the 
concrete was exposed, but it probably indicated the degree of 
heat which may be considered as effective in producing changes 
in the position of the girders. In one instance a thermometer 
placed in the sun on top of the girder registered 115° F., but 
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Fic. 10.—Effect of Temperature on Deflection of Girders. 


other observations indicate that these high temperatures affect 
the concrete to a very small depth. On cloudy days the tem- 
peratures registered by the different thermometers were about 
the same. 

The deflection of the girder is seen to vary directly with 
the change in temperature at the top of the girder, rather than 
with the atmospheric temperature. The maximum change in 
deflection due to this cause with the bridge unloaded was 
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0.027 in. The reason for the greater influence of the temperature 
change at the top of the girder is readily found in the fact that 
the concrete at this point is heated to a higher degree than 
elsewhere and the longitudinal expansion of the concrete due to 
this cause has the effect of lengthening the top chord of the 
girder, and, since the lower portion is not thus elongated, the 
girder must assume a curved form, and thus raise its center 
above its former position. As indicated on the diagram (Fig. 10), 
the change in deflection at the centers of the girders amounts 
to about 0.001 in. per degree. 

These considerations indicate that in any set of observa- 
tions in which careful measurements of deflection are taken on 
a structure of this kind, the results must be interpreted in con- 
junction with the temperature changes which are encountered. 
In subsequent figures in which the deflections of the girders have 
been plotted, no correction for temperature has been made, but 
the group of points which appears for each load shows the maxi- 
mum variations due to temperature during the time covered by 
the measurements under the corresponding load. When a mean 
line is constructed, the error due to this cause is negligible. 

It will be seen by reference to the load-deflection curves for 
the girders, in Fig. 11, that the change of deflection due to 
variations in temperature as indicated by the range of the points 
in the various groups is about the same, regardless of the load 
on the bridge. Under an applied load of nearly 300 tons on the 
west girder, there is as much change due to temperature as 
under dead load only. 

Deflection of Girders under Load.—In Fig. 11, the center 
deflections for both girders have been plotted for the loading 
and unloading of the bridge. The approximate dates corre- 
sponding to some of the points are indicated in the figure. The 
action of the girders is quite similar to that which has been 
observed for reinforced concrete beams under load. Up to an 
applied load of 209 tons on each girder the curves have the 
characteristic parabolic form. 

During the interval from August 10 to 30, 1911, with the 
load at 209 tons, the deflection changed from about 0.42 to 
0.56 in. After the placing of the pig-iron load was begun on 
August 30, the change in deflection was comparatively slight 
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for the first portion of the load. Later, the curve follows a path 
which might have been predicted for it had the application of 
the load not been interrupted. During the four days which the 
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Fic. 11.—Load-Deflection Curves for Girders. 


west girder remained under the full applied load of 309 tons, 
the center deflection changed from 0.81 to 0.91 in. No meas- 
urements of deflection were taken during the unloading of the 
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pig iron. After the removal of the pig iron the west girder 
deflection was about 0.30 in. greater than it was immediately 
after the stone load was applied. During the interval of about 
11 months after the removal of the pig iron, with the stone load 
in place, the change in deflection of both girders was about the 
same as that which occurred during the 20 days following the 
placing of the stone load. This, however, is as might have been 
expected, since the bridge had been subjected to a much higher 
load in the meantime. After unloading, the girders showed a 
permanent deflection of about 0.45 in. 

In Fig. 12 several curves have been drawn which show 
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Fic. 12.—Elastic Curves for West Girder. 


the deflection of the west girder at the various points where 
measurements were taken, for loads varying from 45 to 309 
tons. These lines may be said to represent the elastic curves 
for the girder. The remarkable symmetry of the curves will be 
noted. By projecting the curves beyond the last observation 
points to the abutments, it is seen that there was a slight settle- 
ment of the ends of the girders as the load increased. This was 
probably the result of the concentration of the load at the outer 
face of the abutments due to the deflection and tilting of the 
girders. However, this is a small amount and no correction has 
been made for it in plotting the curves. 

Deflection of Floor Slab under Load.—In Fig. 13 the deflec- 
tions of the center of the floor slab have been plotted in terms of 
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the stone load, considered as uniformly distributed over the 
floor. ‘The maximum load placed on the floor amounted to 
about 1450 Ib. per sq. ft. The deflections given for the floor 
have been reduced in such a way that they represent the true 
deflection of the floor slab with reference to the girders and not 
the total depression of the floor at this point. The maximum 
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Fic. 13.—Load-Deflection Curves for Floor Slab. 


deflection of the floor was about 0.96 in. Upon removal of the 
load, the floor slab showed a residual deflection of 0.37 in. 

Effect of Temperature on Deformation Measurements.—It 
should be borne in mind that in attempting to make accurate 
measurements of deformations in the concrete and steel of a 
structure of this kind, the difficulties are greatly increased over 
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those encountered in the usual indoor laboratory test. Varia- 
tions in temperature and other changes in weather conditions 
affect the structure as well as the instrument used, and under 
the very best conditions wide variations may be expected in 
observations of this kind. This is especially true of the concrete 
deformations which were taken on top of the girders, since the 
readings were affected by the local heating of the girders, and 
by the direct rays of the sun and the radiated heat on the 
instrument. It was found that the deformation measurements 
taken at hours when the direct rays of the sun fell upon the 
instrument were not very reliable. 

The observations made before loading was begun did not 
cover a sufficient range to indicate the exact effect of tem- 
perature variations on the concrete and steel deformations. 
However, the range of the points for certain loads on the 
load-deformation diagrams for the girders show the extreme 
variations which were found. 

There are so many variables which affect a measurement of 
this kind, that it is impossible in this case to differentiate 
between the errors due to instrument adjustment, the personal 
equation of the observer, and the actual variations in the 
deformations due to stress or temperature. If it were not true 
that some engineers entertain mistaken ideas on this point, it 
would be considered superfluous to say that the changes in the 
position of the girders in a bridge of this kind, and changes in 
deformation due to temperature, have no influence on the 
stresses developed in the concrete and steel, as long as the ends 
of the girders are not fixed. It should be emphasized that it is 
change in deformation that we are now dealing with and as long 
as changes in temperature affect the results, this does not neces- 
sarily mean change in stress. In fact, in some cases the change of 
deformation due to change of stress seems to have been entirely 
masked by the change of deformation due to temperature. 

The deflection readings were not appreciably affected by 
changes in temperature, since the quantities dealt with were 
larger, and there was little chance for variation in the adjust- 
ment of the instrument. 

Deformations in Girders—In this discussion only the 
deformations taken at the centers of the girders will be con- 
sidered. 
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Fig. 14 shows the unit deformations in the steel at the 
centers of both girders, plotted with respect to the applied load 
in tons on the girders. Approximate dates are shown on the 
figure. It will be noted that these load-deformation curves 
exhibit about the same characteristics as were described for the 
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Fic. 14.—Load-Deformation Curves for Steel in Girders. 


load-deflection curves. The observed stress in the steel at the 
center of the girder under an applied load of 102 tons per girder 
averaged about 11,700 Ib. per sq. in. The deformations were 
measured on the lowest layer of bars, and they would be 
expected: to represent the highest stresses developed in the 
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girder steel. Under the full applied load of 309 tons, the west 
girder showed a stress of 23,400 Ib. per sq. in., which apparently 
was increased to about 25,500 Ib. per sq. in. during the time this 
load remained in place. After the removal of the load, the 
west girder showed a residual stress of about 13,000 Ib. per sq. 
in. It seems probable that if subsequent observations had been 


taken, this residual stress would have been found to be greatly 
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Fic. 15.—Load-Deformation Curve for Concrete at Top of Girder. 


reduced after a period of rest. It will be seen that the observed 
points for steel deformation are somewhat scattered due to the 
causes discussed above, but it is believed that the curves drawn 
represent fairly accurately the results of the measurements. 
The action of the two girders was very similar, except that 
there was a difference in the applied load on the girders. 

In Fig. 15 the deformations of the concrete at the top of the 
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west girder have been plotted. The curve is shown only to an 
applied load of 250 tons on the girder. The remaining readings 
were somewhat erratic on account of the rusting of the gage 
holes, and it seems best to omit them. The unit deformation 
for the maximum load derived from producing the curve is 
about 0.0011, which is probably 80 per cent of what might be 
expected for the ultimate deformation in concrete of this quality 
and age, and since this deformation in the concrete is due to 
applied load only, it represents a stress which must be near the 
ultimate compressive strength of the concrete. 

Position of Neutral Axis Before making computations of 
stresses in any reinforced concrete member subjected to flexure, 
it is necessary to know the position of the neutral axis, or to 


TaBLeE III.—NeEutTRAL Axis POosITION. 
DETERMINED FROM MEASURED DEFORMATION IN THE GIRDERS. 


Unit Deformation. Neutral Axis Position. 
Applied Load 
on Girder, : Distance below | Percentage of 
tons. Concrete at Top one = Surface of Effective 
of Girder. of Girder. irder, in. Depth. 

0.00012 0.000055 48 73 

100 0.00025 0.00013 46 70 
150 0.00039 0.00023 44 67 
200 0.00056 0.00035 43 65 
250 0.00080 0.00054 42 64 
300 0.001044 0.00074 41 62 
309 0.001102 0.00083 40 61 

Estimated. 


make some assumption as to its location. It is evident that in 
a structure of such irregular section as the test bridge under 
consideration, the location of the neutral axis from theoretical 
considerations will be somewhat problematical, and that its 
position will vary widely with the assumptions made as to the 
properties of the concrete and the distribution of the stresses 
between the concrete and steel. The calculated depths of the 
neutral axis below the tops of the girders for various conditions 
are as follows: : 


Girder only, considered as a plain concrete beam............ 38 in. 
Girder only, steel taking all tensile stress................... 26 in. 
Girder only, both steel and concrete taking tension.......... 31 in. 


Bridge as a whole, both concrete and steel in floor and girders 
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In computing the above values, the modulus of elasticity 
of concrete was taken at 3,000,000 lb. per sq. in. However, a 
considerable variation in this modulus makes only a slight 
change in the computed depth of the neutral axis. 

The deformations measured in the concrete at the tops of 
the girders and in the lower layer of girder bars give definite 
information as to the neutral axis position during the loading of 
the bridge. Table III shows the position of the neutral axis as 
determined from the deformations in the diagrams in Figs. 14 
and 15, for applied loads on the west girder, varying from 50 to 
300 tons. The values from Table III have been plotted in Fig. 16; 
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Fic. 16.—Observed Neutral-Axis Positions. 


they indicate a steady rise of the neutral axis from about 
50 in. under dead load only, to 40 in. under an applied load of 
309 tons, with a mean value of about 44 in. It was seen above 
that a depth of 45 in. was computed for the condition that both 
concrete and steel in the entire section of girders and floor are 
considered as effective in taking the longitudinal tensile stress. 
The close agreement between the observed position and the 
computed position for the bridge as a whole indicates that the 
girders did not act as independent reinforced concrete beams in 
the manner usually assumed, but that the concrete in the 
girders and floor is effective in taking tensile stresses. The 
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gradual rise of the neutral axis as the load was increased is in 
accord with other tests of reinforced concrete beams. This rise is 
probably due to the opening of tensile cracks which extend up 
a short distance in the concrete, to a slight slipping of the bars 
in the concrete, and to the increasing deformation at the tops of 
the girders as the loading progressed. The positions of the 
neutral axis for the various conditions discussed above are 
shown with reference to the cross-section of the bridge in Fig. 17. 
In comparing the depth in inches with the percentages of the 
effective depth, it should be remembered that the steel deforma- 
tions were measured on the lowest layer of bars—about 70 in. 
below the top—while the effective depth of the girder was 66 in. 

Computed Stresses in Girders—The maximum loads applied 


Fic. 17.—Section of Bridge showing Neutral-Axis Positions. 


to one girder (west) were distributed approximately as shown in 
Fig. 18. The pig-iron load was distributed over a length of 
30 ft.; the stone load over a length of 35 ft. For purposes of 
computation, the load will be considered as uniformly dis- 
tributed over the full span of 40 ft. This gives a bending 
moment about 12 per cent less than that resulting from taking 
the loads as they are shown, but this error is offset by the con- 
sideration that a portion of the stone load on the floor was 
carried directly to the abutments without producing any stress 
in the girders. 

The bending moment in one yirder due to the maximum 
test load, considering the girder as a simple beam uniformly 
loaded, is 


618,000 X 40 X 12 


Mp= = 37,100,000 in-Ib. 
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The resisting moment of the girder, considering the steel to take 
all tensile stresses, is 


fd’. 
Equating bending moment to resisting moment, 
Ad’ 
where A =area of longitudinal steel in girders, 15.5 sq. in., 


f,=computed tensile stress in steel, and 
d’ =arm of resisting moment. 


fs 


Taking the depth of the neutral axis at 40 in., as found for 
the maximum load from the deformation measurements (see 
Table III), the centroid of the compressive stresses is found to 
be 15 in. below the top of the girder, or at about what we may 


Pig /ron Load 100 tons. 
le % 
Dead load l03tons, Stone Load 209 tons. i? 
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Fic. 18.—Approximate Distribution of Load on West Girder. 


term the lower edge of the coping. This gives d’=51in. Sub- 
stituting these values, and solving for the stress in the steel, 
f{:=47,000 Ib. per sq. in., if we consider all tensile stress taken 
by the steel of the girders. If the dead load on the girders is 
included, the computed steel stress becomes about 62,000 lb. 
per sq. in. 

The maximum steel stress determined from the deformation 
measurements was 25,500 lb. per sq. in., which means that the 
measured stress in the steelaccounts for only 7+ of the total tensile 
stress resulting from the applied load on the bridge. If the 
deformation measurements are to be depended upon, #7 of the 
total tensile stress must be carried by the steel in the floor and 
by the concrete in the floor and girders. If we consider the 
longitudinal floor steel as carrying its part of the stress in the 
same way as the girder steel, the average computed steel stress 
is reduced to about 40,000 lb. per sq. in., which indicates that 
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about 36 per cent of the total tensile stress must be carried by 
the concrete of the floor and girders. Taking the moment of 
inertia of the entire concrete section about the neutral axis as 
determined from the deformation measurements,—40 in. below 
the top of the girders,—and making the necessary computations, 
we find that a maximum tensile stress in the concrete at the 
lower surface of the bridge of about 300 lb. per sq. in. will be 
sufficient to account for all tensile stress not taken by the steel. 
This assumes, of course, that the steel is taking all dead load 
stress, which is probably true, since at the time the centers were 
struck, the tensile strength of the concrete was comparatively 
low, and the concrete had ample time during the subsequent 
period of hardening to thoroughly adjust itself and come to an 
unstressed condition before the application of the final load. 
It is probable that concrete of this age would carry a tensile 
stress much higher than 300 lb. per sq. in. without failure. 

The computed compressive stress in the girder from live 
load only is about 2200 lb. per sq. in., on the assumption that 
the bridge as a whole takes the stress, with the neutral axis at a 
depth of 40 in. For combined dead and applied load, this stress 
amounts to about 3000 Ib. per sq. in. The maximum measured 
unit deformation in the concrete at a load of 250 tons on the 
girder was about 0.0008, which indicates a deformation of 
about 0.0011 at the maximum load of 309 tons. Assuming 
an initial modulus of elasticity of 3,000,000 lb. per sq. in. for the 
concrete, this deformation under maximum applied load only 
indicates a compressive stress of about 2000 Ib. per sq. in. It 
may not be expected that the computed and the measured 
stresses in the concrete will show a close agreement, since the 
concrete deformation measurements were less satisfactory than 
those for the steel, and the strength and elastic properties of the 
concrete are uncertain. 

It is recognized that there are discrepancies in the above 
analysis of the distribution of tensile stresses, for it would be 
difficult to account for the resulting deformations in the steel 
and the adjacent concrete if the stresses were distributed as 
indicated. However, the low position of the neutral axis, the 
low stresses measured in the girder steel, the minuteness of the 
tensile cracks in the girders, the rigidity of the connection of the 
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floor to the girders, and the general behavior of the bridge 
under these unusual loads, will admit of no other explanation. 

Stresses in the Vertical Stirrups.—Vertical stirrups were 
provided to take the shearing stresses developed in the girders. 
Deformations were measured on two }-in. stirrup bars at about 


350 


250 


209 


150 


Applied Load or Girder-7ors 


Stress ip Stirryps, Lb. per 5g /n. 


Fic. 19.—Stress in Vertical Stirrups. 


6 ft. from the north end of the west girder. These measure- 
ments were not begun until a load of 140 tons had been placed 
on the girder. From this point to the maximum load the meas- 
ured deformations indicate an increase in stress of about 12,000 
Ib. per sq. in. The stresses from the observed deformations 
in the girder bars have been plotted in Fig. 19. 
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If we consider the stress to increase uniformly as indicated 
by the observed points, the tensile stress in the bars may be said 
to increase from about 10,000 to 22,000 Ib. per sq. in. during the 
time covered by the measurements. ‘The size of the cracks in 
the girder at this point was not incompatible with such stresses. 
The close spacing of the diagonal cracks in this girder indicated 
that the web stresses were well distributed, and that the stress 
in the vertical stirrups was not high. 

Deformation and Stress in the Floor Reinforcement.—Meas- 
urements were taken at the middle of two 7-in. floor bars near 
the middle of the floor span. These measurements were subject 
to much less variation than was found in the girders, probably 
due to more constant temperature at this point. The values 
have been plotted in Fig. 20. The curve exhibits the usual 
characteristics for steel deformations in reinforced concrete 
beams. At the time of the application of the full stone load on 
the floor, these bars showed a measured stress of about 36,000 
lb. per sq. in., which was increased to about 40,000 lb. per sq. 
in. before the stone load was removed. It was not practicable 
to make observations on these bars during the removal of the 
stone load. It was impossible to take deformation measure- 
ments in the concrete of the floor. 

In computing the stresses in the floor-slab reinforcement, 
it was considered that the load was carried laterally by the 
system of j-in. twisted square bars, 4¢ in. apart, to the lower 
flanges of the girders. For purposes of comparing the computed 
stress in the reinforcing bars with the stresses found from the 
observed deformation at the middle of the floor slab, it is suffi- 
ciently accurate to consider that the entire stone load of 418 
tons was uniformly distributed over the area covered by the 
bins. It is appreciated that a portion of this load near the ends 
of the bridge was carried directly to the abutments by the floor 
slab and did not produce stress in either the main system of 
floor reinforcement or the girders, but since we are concerned 
only with what occurs at the middle of the bridge span, it is clear — 
that the above method is proper. For the full applied load of 
418 tons this gives a uniformly distributed load of 1450 lb. per 
sq. ft. on the floor. 

If we consider that the floor slab carried its load as a par- 
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tially fixed beam, it will be of interest to determine the elements 
of a beam which would develop the same stress in the reinforc- 
ing steel as that measured in the floor steel in the test. Using 
a uniformly distributed load of 1450 lb. per sq. ft., and an 
effective depth of 10.7 in., we find that a simple beam of 15.5-ft. 
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Fic. 20.—Load-Deformation Curve for Floor Steel. 


span would develop a stress equal to that measured in the floor 
steel. In other words, we may assume that the points of inflec- 
tion of the floor slab are 9 in. from the wheel guard, and that 
between these points the floor acts as a simple beam. If the 
floor slab were fully fixed by the girders, the points of inflection 
would be about 0.21 of the span, or about 33 ft. from the wheel 
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guard. These considerations indicate that although the floor 
is rigidly attached to the girders, its ends have only a slight 
degree of fixedness, on account of the freedom with which the 
girders may deflect laterally and tilt inward at the top as the 
floor deflects under the load. It should be borne in mind that 
the stresses discussed above are in addition to the dead load 
stress which has not been considered The computed dead load 
stress in the floor-slab steel amounts to about 4000 lb. per sq. 
in. The numerous cracks which were present and the measured 
deflections indicate that the floor steel was stressed much higher 
than the girder bars. 

Cracks in Girders and Floor.—Before beginning the last 
test, the cracks in the girders produced by previous tests were 
carefully mapped and photographed. These cracks could be 
traced on each end of both girders, inside and outside. The 
appearance of the cracks at the beginning of the final test and 
after the bridge had been subjected to full load is shown for the 
north end of the west girder in Fig. 21. Photographs were taken 
which show similar cracks at the other ends of the girders. It 
was found in many instances during the application of load, 
that diagonal cracks which had been previously marked had 
opened again, but at a much higher load than was placed on the 
bridge in the earlier tests. In some instances new cracks were 
formed parallel to and near the old ones, and in some cases the 
cracks which were produced by the earlier tests did not reopen 
at all, although the girders were subjected to a load many times 
that which produced the cracks in the earlier tests. It is 
evident that in being exposed to the weather during three years 
between the tests, many of these cracks had healed in such a 
way as to form a joint even stronger than the unbroken concrete. 
Recent tests made by the writer at the University of Illinois on 
concrete cylinders in compression and in bond tests with plain 
bars embedded in concrete exhibit similar phenomena in a most 
striking manner. 

A few vertical hair cracks were formed near the middle of 
the girders, but in no case did these cracks open wide. The 
dotted lines on the photographs in Fig. 22 show the extent of 
these cracks in the middle of the west girder. These cracks 
extended only a short distance into the concrete, and it is 
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believed that they were partially due to the lateral deflection of 
the girders which resulted from the sag of the floor slab. The 
small size of the tension cracks in the girders confirms the 


West Girder - 
End 


(b) Cracks Produced by Final Load. 
Fic. 21.—Cracks in North End of West Girder. 


results of the deformation measurements in the longitudinal 
steel, in showing that at no time was the steel highly stressed. 

Cracks in the floor slab were much more prominent and 
much more numerous than in the girders. These cracks were 
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well distributed and extended parallel with the girders through- 
out the middle half of the bridge span. The fine tension cracks 
which opened in the lower portion of the girders extended a 
short distance along the lower surface of the floor slab. Fig. 23 
shows the approximate position of the principal cracks on the 


(d) 
Fic. 22.—Cracks near Middle of West Girder at Maximum Load. 


underside of the floor after the full load had been applied. The 
figure has been drawn as seen from below. The heavy dotted 
lines across the corners indicate the position of the cracks on the 
top of the floor. The top cracks were nearly at right angles to 
those in the bottom face of the floor slab. They were also 
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much more prominent than those in the bottom of the floor, and 
extended well into the floor concrete and up to the middle of the 
inside of the girders, and in two instances they joined diagonal 
cracks which had been formed at earlier stages of the test. The 
appearance of the cracks on top of the floor slab are shown in 
the photographs, Fig 24. It was found that the deflection of 
the bridge had caused the ends of the floor to be lifted from the 
abutments. It is plain that the peculiar condition under which 
the floor slab is loaded in a bridge of this type, may be expected 
to produce just the system of cracks which were observed in 
this test. 


| 

1S 


Fic. 23.—Diagram showing Cracks in Floor Slab. 


Behavior of the Abutments—As stated in a_ previous 
paragraph, the deflection measurements near the ends of the 
girders indicated that there was some settlement of the ends of 
the girders under the load. This can be accounted for by the 
consideration that the deflection and the inward tilting of the 
girders produced a highly concentrated bearing stress on the 
concrete near the outer faces of the abutments which probably 
resulted in crushing the concrete at these points to the extent 
shown. The effect of the deflection and tilting of the girders 
is also shown by the horizontal cracks which formed across 
the tops of the wing walls and across the ends of the girders 
as shown in the photographs, Figs. 21 and 24. 
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(b) 
Fic. 24.—Cracks in Top of Floor Slab. 
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SUMMARY. 


In arriving at a final estimate of the value of the informa- 
tion derived from this test, it should be borne in mind that at 
the time of the final loading the bridge was 33 years old. How- 
ever, the influence of the age of the concrete was somewhat 
offset by the unfavorable conditions under which it was built. 
This bridge of 40-ft. span carried a load for tour days which was 
equivalent to 309 tons per girder, in addition to the weight of 
the bridge, and the floor slab carried an applied load of 418 tons 
for over a year, without indication of serious distress. These 
loads amount to about 9 to 13 times the maximum load which 
a bridge of this kind would ever be called upon to carry in ser- 
vice. The remarkable load carried by the floor and girders may 
suggest that the bridge was over-reinforced, or that the design was 
heavier than necessary; but it should be remembered that the 
strength of the concrete and the stiffness of the bridge as a whole 
were very much increased over what we would find in the struc- 
ture during the first few months after it was put into service. 

The behavior of the girders as indicated by the opening of 
the diagonal cracks in the webs during the preliminary tests, as 
compared with the final loading, is an evidence of the increased 
strength and stiffness of the concrete. This calls attention to 
one of the most valuable properties of reinforced concrete for 
bridge construction. In the case of a steel structure, great 
care must be used to prevent deterioration from beginning at 
once; while bridges of concrete increase in strength and stiff- 
ness with the lapse of time and are all the better structures for 
having been exposed to the weather for several years. 

‘The maximum stress in the longitudinal girder steel, as 
determined from the deformation measurements, was about 
25,000 lb. per sq. in. The stress computed for the same load, 
under the assumption that the steel of the girders takes all the - 
tensile stress, is 47,000 Ib. per sq.in. It will be appreciated that 
these girders are of irregular form and unusual size; they are not 
comparable in size and form with other reinforced concrete 
beams on which tests have been reported. The ordinary assump- 
tions may not apply to a girder of this form and size. The 
unknown values of the strength and stiffness of the concrete in 
this bridge is an additional element of uncertainty. The wide 
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variations between the computed stress in the longitudinal 
steel of the girders and the measured stress is probably due to 
the fact that the girders do not act as independent beams, but 
the entire concrete section and the steel of the floor are also 
effective in taking the longitudinal stress. The manner in 
which these stresses were distributed between the girder steel 
and the floor was not determined; but it is apparent from the 
general behavior of the bridge, the low position of the neutral 
axis, and the minuteness of the tension cracks in the girders, 
that the steel stress was actually comparatively low, and that 
both concrete and steel of the floor were effective in taking this 
stress. It is evident that the influence of the floor is much 
greater at this age than it would have been during, say, the first 
few months after opening the bridge to traffic. The measure- 
ments also indicated that while the compressive stress in the tops 
of the girders was very high, it was still within the ultimate 
strength of the concrete. 

It was impracticable to compute the diagonal shearing stress 
developed in the webs of the girders, on account of the irregular 
section of the girders and the unknown action of the floor, but 
it is evident that while this stress was very high, the girders 
were not seriously affected in carrying it. The numerous diag- 
onal cracks in the girders, and the low stresses measured in the 
vertical stirrups, show that the vertical stirrups provided ample 
reinforcement against the stresses developed. 

The inward tilting of the girders in response to the deflec- 
tion of the floor shows the remarkable rigidity and strength of 
the connnection of the suspended floor slab. The detail of the 
connection of the floor slab to the girders may be considered a 
distinctive feature of this design for a highway bridge, and its 
action under an unusual test load gives added confidence to this 
method of construction. 

The load of 418 tons carried by the floor for over a year is 
equivalent to a uniformly distributed live load of about 1450 lb. 
per sq.ft. The measured stress in the floor steel under this load 
was about 34,000 Ib. per sq. in., which corresponds to the com- 
puted stress, if we consider the effective span of the floor slab 
to be somewhat shortened by a certain degree of end-fixedness, 
resulting from the method of attaching it to the girders. 
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TESTING OF CHINESE WOOD OIL. 
By E. W. BovcurTon. 


INTRODUCTION. 


More analyses and tests have been made on Chinese wood oil 
than on any other drying oil, except linseed oil. There has, 
however, been little uniformity of method in the examination of 
commercial “tung” oils, and the purpose of this paper is to give 
a comparison of tests and to select the most suitable. Many 
of the results recorded were obtained with the samples of oil sent 
out by Sub-Committee C of Committee D-1 for cooperative 
work. ‘These tests were made in addition to those called for in 
the directions of the sub-committee to the analysts. 


COMPOSITION. 


According to Lewkowitsch,! Chinese wood oil consists 
principally of the glycerids of oleic and elaeomargaric acids. 
. “Elaeomargaric” acid, which he prefers to the name ‘“elaeo- 
stearic” acid, used by some others, is an isomer of linolic 
acid (CisH3.02). Fahrion’s valuable book? gives a great deal 
of information concerning the technology and nature of Chinese 
wood oil, but he devotes little space to the detection of adultera- 
tion with other oils. Quoting Majima,’ he gives the formula 
of a-elaeostearic acid as CH;.(CH:)3.CH:CH.(CHe)2.CH:CH- 
(CHz)7,COOH. This differs from linolic acid in the position of 
the double bonds. Maquenne‘ first examined the polymerization 
product, B-elaeostearic acid, which bears the same relation to 
the a acid as elaidic acid bears to oleic acid. 

§-elaeostearic acid has recently been examined by Morrell,5 
who separated a white crystalline glycerid from the precipitate 
which forms when Chinese wood oil is exposed to the light in 


1 Chemical Technology of Oils, Fats, and Waxes, 1910. 
2‘* Die Chemie der Trocknenden Ole,” 1911. 

3 Berichte, 1909, Vol. 42, p. 674. 

4 Comptes rendus, 1902, Vol. 135, p. 698. 

5 Journal, Chem. Soc., Vol. 101, p. 2082 (1912). 
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sealed bottles. This gylcerid absorbs oxygen rapidly, and the 
products of oxidation include an aldehyde formed from the 
decomposition of a peroxide. The total gain in weight obtained 
by complete oxidation was 23 per cent. From the white gylcerid 
Morrell separated the B-elaeostearic acid, melting point 72° C., 
which he says is a stereoisomerid of a-elaeostearic acid, melting 
point 48° C. 


SOURCE AND PROPERTIES. 


It has been well established that the oils known commer- 
cially as Chinese wood, Japanese wood, or tung oils are the pro- 
ducts of several varieties of trees. An article reporting the work 
of W. B. Helmsley,' which is probably the most authentic and 
complete recent communication on the subject, states that the 
Chinese Tung-Yu, the source of the true Chinese wood oil, is 
not Aleurites cordata, as commonly supposed, but a very distinct 
species, Aleurites fordii. ‘The author in making the report 
stated: “It is certain that Aleurites cordata, R. Br., affords a 
similar product. The confusion has been very great in this 
intricate subject, and has been partly the result and partly the 
cause of a confusion that has prevailed with regard to their 
economic properties. The oil is frequently adulterated with oil 


from the seeds of Glycine hispida, Maxim. (soya bean oil), which - 


seriously affects its drying properties.” 

A paper by Chapman? contains much valuable information 
regarding Chinese and Japanese oils. ‘The seeds from which he 
prepared his samples of Japanese oil were from Paulownia impe- 
rialis, which is entirely different from the “Aleurites.” This 
oil had lower specific gravity, iodine number, and refractive index 
than his samples of commercial Chinese wood oils. He said: 
“There is no doubt that Chinese wood oil, like all other oils, 
varies within certain limits, both in respect to its chemical and 
physical properties. As a matter of fact, botanical and geo- 
graphical origin, climatic variations, differences in treatment 
during the manufacture of the oil, and the duration and con- 
ditions of storage unquestionably affect its properties.” He 
might have added that this variability of source and nature 


1 Bulletin Miscellaneous Information, Royal Kew Gardens, 1906, p. 117. 
2 Analyst, Vol. 37, p. 543 (1912). 
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is much greater with Chinese wood oil than with any other 
common oil. 

Guiselin' states that the oil imported into France is of two 
distinct kinds, one the product of “‘Elaeococca,”’ and the other 
of “Aleurites.” 

Lewkowitsch? states that commercial tung oil is prepared 
from Aleurites cordata or Aleurites fordii, or from mixtures of the 
nuts of the two. 

Although both the Chinese wood oil and the Japanese wood 
oil are called tung oils, it seems advisable, as Kreikenbaum* 
has suggested, to keep the two kinds separate in name. 

A recent circular* on the Chinese Wood Oil Tree (Aleurites 
fordii), by Fairchild, states that it remains to be determined 
whether American-grown trees produce as good a product 
as the Chinese trees. The trees have grown and fruited well 
in South Carolina, Florida, Alabama, Louisiana, Mississippi, 
Georgia, and Texas. 


TESTS ON CHINESE Woop OIts. 


There are four distinct species of the genus Aleurites:5 
A. fordii; A.cordata; A. moluccana; A. trisperma. The samples 
reported upon in a previous paper® on Chinese wood oil, from 
the Contracts Laboratory, were prepared from nuts of Aleurites 
fordii.’’ The constants of these light yellow, clear oils, were as 
follows: 


CONSTANTS OF Two SAMPLES OF OILS FROM Aleurites fordii. 


Determination. Oil No. 6. Oil No. 7. 
Refractive index (15 Shbteeneswsedbeataraeedenseae 1.5211 1.5239 
Unsaponifiable matter, per Cent........cceeccccecccececes 1.2 0.7 


1 Matieres Grasses, Vol. 3, pp. 1689-91, 1729-31, 1762-64 (1910). 

2 Chemical Technology of Oils, Fats, and Waxes, Vol. 2, p. 61 (1909). 

8 Journai of Industrial and Engineering Chemistry, Vol. 2, p. 205 (1910). 

“Circular No. 108, Bureau of Plant Industry, Department of Agriculture. 

‘Helmsley. Bulletin Miscellaneous Information, Royal Kew Gardens, 1906, p. 119. 

® Proceedings, Seventh International Congress of Applied Chemistry, Sect. 1, 1909, p. 89. 
7 The nuts were identified by F. V. Coville, of the Bureau of Plant Industry. 
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The specific gravity of these samples is higher than that 

(0.9404) of a sample of oil from Aleurites fordii which was examined 

i at the Imperial Institute.'_ The iodine number of the latter oil 

er was given as 166.7, but the method of making the determination 
is not stated. 

An examination? of the nuts which yielded oil No. 6 gave 


the following results: 
Analysis of Kernels 
62.28 per cent 
Crude fiber....... 3.52 “ 
Nitrogen-free extract and water........... 30.97 “ 
Analysis of Pulp after Oil is Expressed 
38.03 per cent 
4.66 


A sample of oil was prepared for the Contracts Laboratory 
of the Bureau of Chemistry from seeds of the Japanese Aleurites 
cordata.* An examination of the seeds, which were smaller 
than the usual Chinese product, gave the following results: 


59.06 per cent 
Analysis of Kernels 
Moisture......... TT TTTTT TIT TT 
Ether extract............ 21.87 “ 
15.63 “ 
Analysis of Hulls 
10.09 per cent 
3.19 


1 Lewkowitsch, Chemical Technology of Oils, Fats, and Waxes, 1910. 

2 Made by J. S. Chamberlain, of the Miscellaneous Division, Bureau of Chemistry. 

8 Obtained from the Office of Seed and Plant Introduction and Distribution, Bureau of 
Plant Industry. 
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The clear yellow oil, which had a bacon-like odor, similar 
to that of the Chinese wood oil, showed the following constants: 


Specific gravity (15°.6 0.9367 
194.3 


43.62 “ 


A sample of the seeds of the Aleurites trisperma from the 
Philippine Islands? yielded a clear yellow oil, with a bacon-like 
odor and the following constants: 


Specific gravity (15°.6 eee 0.9350 
The oil cake after the expression of the oil showed on analy- 
sis :3 
3.27 
41.08 “ 


The oil from Aleurites moluccana, which is also called 
Aleurites triloba, is known as candlenut oil, lumbang oil, or 
kukui oil. Its odor and taste are bland, entirely different from 
the tung oils, and its iodine number, when determined by the 


1 The analyses of the kernels, hulls and pulp were made in the Miscellaneous Division, 
Bureau of Chemistry. 


2 Obtained from the Office of Seed and Plant Introduction and Distribution, Bureau of 
Plant Industry. 


3 Analysis made in the Miscellaneous Division, Bureau of Chemistry. 
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Wijs or Hanus method, does not vary with slight changes of 
conditions, as is the case with tung oils. A sample expressed 
from nuts of Aleurites moluccana in the Bureau of Chemistry 
was light greenish yellow in color, with a faint, mild odor, and 
gave the following results: 


Specific gravity 0.9269 


For the purpose of establishing more definitely the constants 
of oils of known botanical source, steps have been taken to pro- 
cure samples for examination in the Contracts Laboratory. 
With methods of testing standardized! it will be possible, by 
means of such samples, to establish figures for specifications. 

The valuation of Chinese wood oil as a commercial product 
is based largely on its suitability for paint and varnish manufac- 
ture, and not on its botanical purity, although the source of nearly 
all of it is the Tung-Yu, or Tung-Shu tree, Aleurites fordit. 
Adulteration with cheaper or dissimilar oils, however, should 
be carefully looked for and condemned. 


TESTs. 


Table I gives the constants of the oils used in the present 
investigation of methods. 


TABLE I.—CONSTANTS OF OILS USED IN THE INVESTIGATIONS. 


Specific Iodine 
Oil Gravity, ST Saponification Number Acid 
No. 15°56 =—C. umber. (Habl, 18 Number. 
15°.5 4 hours) 
Diakennaden 0.9415 0.9406 197.0 162.6 6.2 
0.9430 0.9421 199.3 164.8 10.2 
3 0.9415 0.9406 196.6 163.1 2.0 
Ciccnkscene 0.9405 0.9396 195.7 163.0 9.1 
0.9407 0.9398 197.20 164.4 10.0 
dite 0.9423 0.9414 196.0 167.7 2.9 
Uxdaneckeas 0.9413 0.9404 198.1 165.4 8.1 
REE 0.9436 0.9427 196.1 165.1 1.3 


1Sub-Committee C on Paint Vehicles, of Committee D-1 of the American Society for 
Testing Materials, is at present engaged upon this work of the standardization of methods. 
The oils used in part of the work reported in the present paper—a comparison and discussion 
of tests and methods—and sent out for cooperative work by this comanittes, were commercial 
samples purchased from dealers as pure oils. 


it 4 
4 


BouGHTON ON CHINESE Woop OIL. 929 


Specific Gravity.—Although the specific gravity of Chinese 
wood oil is generally higher than that of most of the common 
fixed oils, it has not been possible to confirm adulteration by a low 
specific gravity, since values as low as 0.933 have been published. 
Lewkowitsch' says that the specific gravity of the Japanese oil 
is lower, from 0.933 to 0.935 at 15° C., than that of Chinese oil. 
Kreikenbaum? gives 0.9401 at 15°.5 C. as a minimum figure. 
In a previous article from the Contracts Laboratory® the specific 
gravities of six samples ranged from 0.9408 to 0.9428 at 15°.6 C., 
and that of one sample was 0.9346. Allen‘ gives from 0.936 
to 0.943 as the limits. Guiselin' states that the oil from the 
seeds of Elaeococca vernicifera® has a specific gravity of from 
0.934 to 0.9361 at 15°.6C. The eight samples in Table I vary 
from 0.9405 to 0.9436 at 15°.6C. Chapman’ says that a speci- 
fic gravity of less than 0.940 is cause for suspicion. He prepared 
two samples of oil by petroleum extraction, one from the seeds 
of Aleurites fordit and the other from the seeds of the Aleurites 
cordata. ‘The former had a specific gravity of 0.9427 and the 
latter 0.940. It is to be regretted that Chapman did not deter- 
mine the other constants of these two oils. He states that they 
were abnormal in regard to their polymerizing properties. If 
oils of low specific gravity are not adulterated they are undoubt- 
edly not from Aleurites fordii. 

There is no information published to show that the oils of 
low specific gravity are less suitable for use with paint. Manu- 
facturers rely mainly on the iodine number and polymerization 
by heat tests, and if the sample is satisfactory with respect to 
these, the specific gravity figure is disregarded. Toch® says that 
Chinese wood oil with a specific gravity of 0.935 would be 
acceptable if it had a proper iodine number and polymerization. 
Nemzek® says that a specific gravity as low as 0.935 is unusual. - 
He gives the following list of the specific gravities and working 


1 Chemical Technology of Oils, Fats, and Waxes, Vol. 2, p. 62 (1909). 
2 Journal of Industrial and Engineering Chemistry, Vol. 2, p. 205 (1910). 
3 Proceedings, Seventh International Congress of Applied Chemistry, Sect. 1, 1909, p. 89. 
4“*Commercial Organic Analyses,” 4th Ed., 1910, Vol. 2, p. 70. 
5 Matieres Grasses, Vol. 3, pp. 1689-91, 1729-34, 1762-64 (1910). 
Probabiy E. Vernicia. 
7 Analyst, Vol. 37, p. 543 (1912). 
. § Private communication from M. Toch, of Toch Bros. and Co., New York City. 
® Private communication from L. P. Nemzek, of John Lucas & Co., Philadelphia, Pa. 
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properties of several oils representing different lots, showing that 
while an oil of standard specific gravity will give good results, 
other lots of oil of the same specific gravity will not work out 
entirely satisfactorily, indicating a possible difference in the 
Chinese wood oil, or suggesting a contamination which is not 
shown by the specific gravity and which, furthermore, is not 
detected by the chemical constants or heat test: 


SpeciFic GRAVITY. WorkInc Property. 
Not good quality 


From work done in the Contracts Laboratory the density 
of Chinese wood oil was found to vary 0.00069 per degree Centi- 
grade between 15° and 50°C. The figure is applicable to most 
of the tri-glycerid fatty oils. 

Refractive Index.—The index of refraction as a means to 
detect adulteration has been used in the Contracts Laboratory! 
and by Wise.? Taking Wise’s figures, from 1.5099 to 1.5186 
at 25° C., it is evident that an admixture of 20 per cent of such 
oil as soya bean oil (refractive index, 1.475) would produce a 
lowering of the reading not greater than the difference between 
these figures. Chapman® says that a refractive index of less 
than 1.515 at 20° C. is suspicious. Hoepfner and Burmeister 
report an average refractive index of 1.5175 at 20° C. It is 
sometimes very difficult to obtain a clear reading with the 
refractometer. 

Melting Point and Cloud Tests.—In oil mixtures of known 
composition, the writer has been unable to detect the presence of 
ten per cent linseed, soya bean, or similar oils in Chinese wood oil 
by such tests as the melting point of the fatty acids and cloud 
tests. 


1 Proceedings, Seventh International Congress of Applied Chemistry, Sect. 1, 1909, p. 86. 
2 Journal of Industrial and Engineering Chemistry, Vol. 4, p. 497 (1912). 

3 Analyst, Vol. 37, p. 543 (1912). 

4 Chemiker Zeitung, Vol. 37, pp. 18-19, 39. Analyst, Vol. 38, p. 116. 
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Viscosity.—Bacon! states that the minimum viscosity of 
pure oils is 725 on a Tagliabue instrument at 70° F., while old 
oils run higher, from 760 to 780, and that small adulterations, 
which can not be detected by chemical means, are shown by a 
low viscosity figure. In the Contracts Laboratory the viscosity 
of samples of Chinese wood oil believed to be pure has varied 
from 873 to 2370 at 20°C. (Engler; water at 20° C.=100.) 
The viscosity is permanently changed by warming, by age and 
by exposure to light, so that the value of the viscosity figure 
in establishing the purity of a sample is doubtful. 

Nitric Acid Test—Small amounts of Chinese wood oil in 
certain other oils may be detected by shaking with cold concen- 
trated nitric acid,? but this test is of no value when the case is 
reversed and the detection of adulteration in the Chinese wood oil 
is desired. 

Cobalt or Lead Linoleate Test.—Reihl* recommends this 
procedure for the detection of the presence of adulterants: Heat 
the oil quickly to 250° C., cool and mix in one per cent of cobalt or 
lead linoleate. Flow on glass, allowing it to dry for 36 hours; 
then immerse in water. If the wood oil is pure the film will 
remain clear and bright. ‘This test has not been tried in this 
laboratory. 

Solubility of Polymerized Oil.—Reihl states that by poly- 
merizing the oil and determining the amount of solid product 
soluble in benzine, admixture with other oils may be detected. 

Iodine Number.—That Hanus and Wijs solutions, when 
used for the determination of the iodine number of this oil, give 
concordant results only when all conditions of time, temperature, 
amounts, etc., are identical, has been shown by Kreikenbaum*‘ 
and in the Contracts Laboratory.® 

Although the Hiibl solution is generally used for this oil, 
Chapman’ prefers the Wijs method, using 0.1 gram of the oil, 
20 cc. of carbon tetrachloride, and 30 cc. of Wijs solution, allow- 
ing the bottles to stand for three hours in the dark. He states 


1 Oil, Paint and Drug Reporter, Vol. 82, pp. 2, 19. 

2 Proceedings, Seventh International Congress of Applied Chemistry, Sect. 1, 1909, p. 86. 
8 Oil and Colour Trades Journal, Dec. 21, 1912. 

4 Journal of Industrial and Engineering Chemistry, Vol. 2, p. 205 (1910). 

5 Proceedings, Seventh International Congress of Applied Chemistry, Sect. 1, 1909, p. 86. 
6 Anaiyst, Vol. 37, p. 543 (1912). 
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that by this method a genuine oil should give a figure not far from 
170. I believe that the temperature limits should also be speci- 
fied. Kreikenbaum! recommends a 6 to 7-hour period of absorp- 
tion (Hiibl) and his limits are from 169 to 174. Hoepfner and 
Burmeister? obtained from 156 to 171 (Hiibl). Recent work on 
samples in the Contracts Laboratory shows variation from 163 to 
169 (Hiibl) for 18 hours absorption. Although many determi- 
nations as low as 150 are published, the purity of such samples is 
not beyond question, and as recent work has shown higher values, 
the lower limit for the iodine number (Hiibl) may be placed at 
about 160. It is evident that only very gross adulteration with 
such oils as soya bean or corn oil can be detected by the iodine 
number. 

Assuming that Chinese wood oil does not contain any con- 
siderable amount of fatty acids with more than two double bonds, 
the high iodine numbers that are obtained under certain condi- 
tions must be due to substitution. It has been shown in the 
Contracts Laboratory*® that this is the case and also that the 
amount of substitution varies with a change of 15° C. in the 
temperature of the determination,‘ in which respect the gylcerid 
of elaeomargaric acid reacts differently from the gylcerid of 
linolic acid with Hanus or Wijs solutions. 

The comparison of the Hanus, the Wijs and the Hiibl 
solutions for the determination of the iodine number has been the 
subject of several recent papers in chemical journals. The 
report of the referee on fats and oils of the Association of Official 
Agricultural Chemists,5 for 1903, which has seemingly been 
overlooked by subsequent investigators of this subject, summa- 
rizes the effects for many fats and oils very carefully, although 
it does not include Chinese wood oil. 

Iodine Reaction Products Soluble in Petrolic Ether —Mc- 
Ilhiney’s method® for the determination of the amount of 
iodine-reaction products soluble in petrolic ether may prove of 

1 Journal of Industrial and Engineering Chemistry, Vol. 2, p. 205. 

2 Chemiker Zeitung, Vol. 37, pp. 18-19, 39. Analyst, Vol. 38, p. 116. 

3 Proceedings, Seventh International Congress of Applied Chemistry, Sect. 1, 1909, p. 86. 

4In the paper there is an error in the calculation in the table at the top of page 95. The 
figures for the addition value are too high. Twice the substitution number should be sub- 
tracted from the total iodine number to calculate the addition number. 


5 Bulletin No. 81, Bureau of Chemistry, Department of Agriculture, p. 46. 
* Journal of Industrial and Engineering Chemistry, Vol. 4, p. 496. 
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value when enough determinations have been collected to afford 
data upon which to base limits, but, as the amount of the product 
that is weighed is a small percentage of the weight of the oil 
taken, a small variation between duplicates or in the averages 
for pure oils would render the method useless for detecting any- 
thing but very gross adulteration. Determinations made on two 
oils in the Contracts Laboratory gave 18.6 and 18.9 for one 
sample, and 14.7 and 15.2 for another. The directions for making 
the determinations must be more definite than they are at present. 

Reaction with Iodine.—The formation of the more or less 
solid iodine-combination products of mixtures containing Chinese 


TABLE II.—TiIME REQUIRED FOR FORMATION OF JELLY. 


Oil No. minutes. | Oil No. PR er 
3 | 13 
3} 
3 
23 ik 
21 1 
23 
4 4} No. 3+10 per cent of Soya Bean Oil....... 4} 
33 
4 33 
3 No. 7 +10 per cent of Soya.Bean Oil........ 


wood oil as a means of detecting adulteration has been recom- 
mended in the Contracts Laboratory? and by Browne;? 
Browne’s method, taken from Lewkowitsch, is as follows: 

One gram of oil in a small dish is dissolved in 5 cc. of chloro- 
form; 5 cc. of a saturated clear solution of iodine in the same 
liquid is added; and the mixture stirred until a jelly is formed. 
For comparative results the same iodine solution, free from sus- 
pended iodine, must be used. For pure oils the time of setting 
varies from 40 to 55 seconds, while 10 per cent of soya bean oil 
causes a rise in this time to 105 seconds. 


1 A very light colored oil: Sp. gr. 15°.6/15°.6 C., 0.9413; Refr. Ind., 20° C., 1.520; Sapon. 
No., 195.7; Acid No., 5.5. 

2 Proceedings, Seventh International Congress of Applied reat Sect. 1, 1909, p. 86. 

3 Chemical News, July 12, 1912, Vol. 106, p. 14. 
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When using Browne’s method upon the present samples, 
porcelain evaporating dishes, 6 cm. in diameter, were floated 
in a dish containing water at 25° C. The saturated iodine 
solution contained 0.04759 gram of iodine per cubic centimeter 
(titrated against standard sodium thiosulphate). The oil was 
weighed out to within 1 mg. of one gram; exactly 5 cc. of 
chloroform were delivered from a pipette, and 5 cc. of the 
iodine solution added all at once from a small graduate. The 
time required for formation of the jelly for each oil is given in 
Table II. 

The time for all the oils is considerably above that given 


TABLE III.—TimME REQUIRED FOR FORMATION OF SOLID JELLY. 


Time, Time, 
O8 Ne, Hours. | OS He. Hours. 
1 
4} 
4 
1 
14 
| 
13 | No. 3+10 per cent of Soya Bean Oil.. 22 
4 eee. More than 7 1 No. 3+20 per cent of Soya Bean Oil... Over 5 
5.. 3t | 
4 | 


by Browne, but it is evident that a 10-per-cent addition of 
soya bean oil causes such a large increase in the time that this 
is one of the best means of detecting adulteration. It is very 
satisfactory in its present form. 

Browne does not state the exact strength of his iodine 
solution, and as the solubility of iodine in chloroform or carbon 
tetrachloride varies greatly with the temperature, this figure 
must be known. ‘The stronger the iodine solution, the more rapid 
will be the formation of the jelly. The solution used when 
making the tests recorded in Table II is a saturated solution at 
about 30° C. (Washington, D. C., summer heat). Iodine is more 
soluble in chloroform than in carbon tetrachloride. An oil show- 
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ing a settling time of over four minutes is undoubtedly adulter- 
ated, and probably the limit for pure oil should be lower. 

Using carbon tetrachloride instead of chloroform as a sol- 
vent for the oil (from 5 to 5.1 grams), and a saturated solution 
of iodine in carbon tetrachloride (0.025 gram of iodine per cubic 
centimeter), a set of tests were made in glass-stoppered bottles 
at 25° C., 16 cc. of carbon tetrachloride being used as a solvent, 
and 10 cc. of the iodine solution. The mixtures were not stirred 
after the first mixing. The time required for the formation of 
a solid (not semi-solid) jelly is given in Table III. 

These proportions give a longer time of setting, but have 
no advantage over Browne’s shorter method. In either case the 
temperature, the amounts of oil, solvent and iodine, and the 
stirring must be the same to obtain concordant results. 

Heating Test.—Undoubtedly the most generally used test 
for Chinese wood oil is the heating test, the observation of the 
behavior of the oil upon heating so that a solid jelly is formed. 
Much discussion has arisen recently as to the value of this test 
and the methods of manipulation. 

The Committee on Vegetable Oils and Fats, of the New York 
Produce Exchange, has adopted the following rules! for deter- 
mining the basis of character and quality of Chinese wood oil: 


“Sec. 9. Prime Chinese wood oil shall be pale in color (according to © 
season’s production), merchantably free from foots, dirt, and moisture; the 
total impurities shall not exceed 1 per cent; but, unless otherwise provided for, 
impurities not plainly adulterations, up to 5 per cent, shall not justify rejec- 
tion; but allowance shall be made by sellers for such impurities in excess of 
1 per cent. 

“Otherwise, the oils to be accepted as commercially prime shall show, for 
viscosity, on a Tagliabue instrument from 7.25 upward; the viscosity to be 
taken on a viscosimeter at a temperature of 70° F., the process to be followed 
strictly as advised by the makers of the instrument. The oil to satisfy the 
requirements of either the Bacon test, or the Worstall test.” 

“‘Worstall’s Test.—One hundred grams of the oil are heated in an open 
metal pan, 6 in. in diameter, as rapidly as possible, to a temperature of 540° F. 
The time required to heat the oil from room temperature to 540° F. should 
be, as nearly as possible, the same each time, 4 minutes being sufficient with 
gas burners. Hold the oil at or as near 540° F. as possible, stirring until it 
starts to solidify. Note the time required after the oil reaches 540°, until 


1 Oil, Paint, and Drug Reporter, Vol. 82, pp. 13, 25. 
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it starts to solidify. This should not exceed 7} minutes for any pure wood oil. 
When the oil has solidified in the pan, turn it out while still hot, and cut 
with a knife. Pure wood oil gives a product that is pale, firm, and cuts under 
the knife like dry bread, not sticking. If the oil requires more than 7} minutes 
after reaching 540° until starting to solidify, or if the product is dark, soft, 
or sticky, the oil should be rejected.” 

“‘ Bacon’s Method.—Into a test tube } in. in diameter and 4 in. in length 
there are transferred about 10 cc. of pure Chinese wood oil. Into another 
test tube there is transferred a like amount of pure Chinese wood oil adulterated 
to the extent of 10 percent. A sample of the oil to be tested is treated in a like 
manner, and these are placed ina proper support and immersed in an oil bath 
which has a temperature of about 288° C., so that when the tubes are in it a 
temperature of 280° or 285°C. (maximum) can be maintained (tubes cause 
cooling). The oil bath containing the tubes is maintained at this temperature 
for exactly 9 minutes; the tubes are then withdrawn and the test sample is 
compared with the pure oil, and the same oil adulterated with 5 and 10 per 
cent of foreign oil. After the tubes are withdrawn from the oil bath, each tube 
should be stabbed from the top to the bottom with a clean bright spatula. 
Pure oil will give a hard, clean, cut, and when the knife is withdrawn the incision 
will look like a straight line; while oil having as low as 5 per cent adultera- 
tion will invariably be softer and the incision will have a peculiar feathered 
effect; and adulteration of 10 per cent will be soft and pushy; while an adul- 
teration exceeding 12 per cent in many instances will remain entirely liquid. 
This test has been carefully studied and when properly operated along with 
pure oil and known-to-be-adulterated oil it affords an excellent method of 
detecting adulteration.” 


Hoepfner and Burmeister! heat the oil 12 minutes at 
310°C. If, under these conditions, the oil becomes so solid 
that it can be powdered in a mortar, there can be no doubt 
about its being pure. 

Potsdamer’s Method.—Potsdamer? was unable to obtain 
satisfactory results by Bacon’s method. He claims that by 
noting the temperature of polymerization while the oil is being 
heated he could detect a 5-per-cent adulteration with other oils. 
His method is as follows: 

An oil bath is heated to a temperature of from 510° to 525° F. 
(266° to 274° C.). In the bath two test tubes are arranged to 
act as an air bath. The samples in smaller tubes are inserted 
in these tubes so that the oil sample does not extend above the 
surface of the oil in the bath. The samples are stirred from time 


1 Chemiker Zeitung, Vol. 37, pp. 18-19, 39. Analyst, Vol. 38, p. 116. 
2‘*A Method of Detection of Adulteration in China Wood Oils.” L. S. Potsdamer. 
Proceedings, Eighth International Congress of Applied Chemistry, Section 5, Vel. XXV, p. 791. 
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to time until polymerization just sets in, and the temperature 
noted. 

Potsdamer’s figures for pure Chinese wood oil are from 
535° to 554° F. (280° to 290° C.), adulteration with soya bean 


TABLE IV.—HEatTiING TEst, PoTsDAMER’s METHOD. 


Temperature, 
Oil No. deg. Cent. 


283 
3 279 


oil and paraffin oil causing a drop in the polymerization tempera- 
ture. As the reaction is exothermic, the thermometer with which 
the tung oil is stirred reads higher than that in the bath. We 


TaBLE V.—HEaTING TEST, MODIFICATION OF POTSDAMER’S METHOD. 


No. 1415 per cent Soya Bean Oil... 
Desinéatcotinsmaccea = No. 8+15 per cent Soya Bean Oil... a 
No. 8+15 per cent Cotton-seed Oil. . 
= No. 8-+15 per cent Corn Oll......... 
No. 8+15 per cent Linseed Oil...... 


were unable to check Potsdamer’s figures for oil mixtures, as is 
shown in Table IV. 

Modification of Potsdamer’s Method.—Ii the method is modi- 
fied as follows different results are obtained: The bath is started 
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at from 266° to 274° C. and at the last part of the test raised 
slowly so as to cause the temperature of the tung oil, after it 
reaches 250° C., to rise 5° C. a minute until polymerization takes 
place, when the temperature is noted by the thermometer in the 
tung oil. This modification in the hands of the author gave 
better results than the original method as printed. The tempera- 
tures are not corrected for emergent stem. ‘This procedure gives 
the figures shown in Table V. 

Our experience with Bacon’s method agrees with Pots- 
damer’s, and though much information might be gained by 
the use of the test by an exper’ of long experience who had 
acquired an accuracy of judgment based on the behavior of 
different samples, the test is not as good in general as Browne’s 
method. We have found nine minutes aminsufficient time. 

Browne’s Method.*-Browne’s method,' possessing more 
advantages than any of the foregoing methods, gives very con- 
cordant results. “We quote from his article: 


“Test tubes for containing the oil were 16 cm. by 15 mm. with a mark near 
the bottom to indicate 5 cc., and closed by a cork so perforated that a glass rod 
3 mm. in diameter could move freely. 

“* Bath.—This was a copper beaker, height 12 cm., internal diameter 6 cm., 
filled with cotton-seed oil to a height of 7.5 cm. 

‘* Thermometer.—The length was 30 cm. The graduations were from 
100° to 400° C., and were verified by comparison with a standard instrument. 
In the experiments the thermometer was placed so as to be 1.5 cm. from the 
bottom of the bath. In ascertaining the temperatures of the bath, due atten- 
tion was given to the cool column of the mercury, so that corrected tempera- 
tures are recorded. 

“‘ Method of Procedure-—When the bath temperature is 293° C. (560° F.) 
and very slowly rising at this point, the tube containing 5 cc. of the oil to be 
tested is fixed in so that the bottom of the tube is level with the lowest part of 
the bulb of the thermometer. The time is noted, and the source of heat is 
removed for about 45 seconds and then reapplied. Before two minutes have 
elapsed the temperature of the bath will have fallen to 282° C. (540° F.), at 
which point it should be kept as steady as possible. When the wood oil has 
been in the bath about 9 minutes, the glass rod is raised at intervals of half a 
minute, and when the rod is firmly set the time is again noted. As setting 
or jellying takes place within a few seconds of fluidity, a good end determina- 
tion is afforded. The specimen is at once removed, the bath is again heated 
to 293° C., and the experiment is repeated with another portion of the sample. 
There is no difficulty in obtaining results which do not differ by more than 


1 Chemical News, July 12, 1912, Vol. 106, p. 15. 
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half-a-minute. No stirrer is used in the bath. A screen around the bath 
enables the temperature to be more easily reached. When the cotton-seed oil 
has become tarry and viscid, it should be renewed; otherwise heating may be 
irregular. The jelly may be removed by half filling the tubes with strong 
sulphuric acid and placing in a warm place a few hours.” 


The number of minutes required to form a jelly for seven 
samples examined by Browne varied from 11 to 13. An addition 
of 10 per cent of soya bean oil, peanut oil, mineral oil or cotton- 
seed oil raised the time of setting to 13 or 15 minutes, and 20 
per cent of the same oils to 16 or 17 minutes. Browne says: 


TABLE VI.—HEATING TEsT, BROWNE’sS METHOD. 


Oil No. Time, Oil No. Time, 
minutes. minutes, 
11 
‘ 15 
13 124 
124 
13 
14 No. 3+10 per cent Soya Bean Oil... 
123 
14 No. 8+15 per cent Soya Bean Oil... 145 
15 14 
14 
‘ 15 No.8 +15 per cent Cotton-seed Oil. . . 145 
6 4 No. 8+15 per cent Corn Oil......... 4 
No. 8 +15 per cent Linseed Oil...... 


“The results show that a heat test carefully applied is of con- 
siderable help in ascertaining quality. If the time required does 
not exceed 12} minutes the oil is in all probability genuine. 
For heat tests of 13 minutes further examination is desirable.” 

Figures obtained upon the oils whose constants are given 
in Table I, are recorded in Table VI. The temperature of the 
oil in the bath during the test was regulated as Browne directs, 
so that the reading on the thermometer was from 7° to 8° C. 
lower than the specified temperature, this being the amount 
of correction found necessary with the apparatus. This correc- 
tion is,really a necessary part of the directions for any method that 
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requires the reading of temperatures above 250° C. on a long 
thermometer. 

Many of the samples show times of setting over the limits 
given by Browne for pure oil. In some cases the variation in time 
was one minute for the same oil. 

It appears from the results shown in Tables IV, V, and VI 
that adulteration is not easily shown by the heat test, and it 
must be remembered that samples which have stood any length 
of time in bottles, especially in the light, polymerize more easily 
and quickly than fresh samples. 

Kreikenbaum! states that he has known samples of Chinese 
wood oil upon standing several years to lose the property of 
polymerizing by heat, which has also been observed to be the 
case in the Contracts Laboratory. He says further that an oil 
may be unsuitable for use because of the presence of a slimy 


substance distributed through the oil. If this is allowed to, 


settle out there is no trouble. 

Chapman’s Method.—Chapman? prefers Browne’s method 
to that of Bacon, but uses the following modification: 

Two 5-cc. portions of oil are heated at 250° C., one portion 
for } hour and the other for 1 hour, and after cooling, the hard- 
ness of the cylinders of polymerized oil is noted, differentiating 
between “very hard,” “hard,” and “fairly hard.” When cut 
with a knife or broken across, the cut or fractured surface should 
be smooth and free from stickiness, and small portions when 
rubbed in the hand should break into a crumbly mass. This 
test evidently requires experience with the behavior of pure oils 
and mixtures. 


CONCLUSIONS. 


The heat test as given by Browne apparently gives concord- 
ant results, and his method of procedure is to be recommended. 
When many samples of known purity and source have been 
tested, it will be shown whether Browne’s limit of 13 minutes is 
correct. With conditions better standardized, the Potsdamer 
test will doubtless be of great value. The iodine “jelly” test 


1 Private communication from A. Kreikenbaum, of the Kreik Varnish Co., Chicago, Ill. 
2 Analyst, Vol. 37, p. 543 (1912). 
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will furnish more information than any other, as far as adulter- 
ation is concerned, although Browne’s limits may be too low for 
oil generally considered pure. However, the figures in Table IT 
for the iodine jelly test and those in Table VI for the heat test 
may contain results that are too high, as the purity of all the 
oils used was not established. The work must be regarded as 
showing with certainty only the reliability and convenience of 
the methods. As the question of the suitability of the oil for 
paint and varnish purposes is somewhat dependent upon the 
method of manufacture, individual methods of testing will remain 
as long as they are found to be of value. 
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Mr. Bragg. 


Mr. Voorhees. 


DISCUSSION. 


Mr. C. T. Bracc.—I believe that Mr. Boughton has in 
his paper the best collection of data on Chinese wood oil I have 
ever read. I doubt if there is any other place where as much 
information as he has here collected can be found. While the 
botanical and scientific sides of the question are very interesting, 
we are more interested in the adaptability of this oil for certain 
purposes than in its botanical and scientific features. Those 
of us who are interested in the paint and varnish business are 
not so much concerned with the question of the purity of Chinese 
wood oil as we are in its adaptability for certain purposes. We 
want it to meet certain requirements. If it meets those require- 
ments we don’t care whether it is pure or not. However, it 
is likely that we will find that a pure oil will meet those require- 
ments, while the adulterated oil will not. I bglieve that in 
undertaking the standardization of Chinese wood oil specifica- 
tions, we are attacking the hardest problem that is before the 
oil chemist at the present time. Chinese wood oil has a place 
of its own in American commerce. 

Referring now specifically to two of Reihl’s tests mentioned 
by Mr. Boughton in his paper, I wish to say that we have tried 
both of these tests in our oil laboratory. I do not believe the 
one headed “Solubility of Polymerized Oil’ can be used as a 
test for the purity of Chinese wood oil, for the reason that we 
have, at various times, been able to extract small percentages 
of the polymerized oil itself in petroleum ether. We are not 
always able to do this, but the fact that we can do it occasionally 
is enough to condemn the method. The lead-linoleate test 
is absolutely useless, as I never yet have seen an oil, out of hun- 
dreds of samples, that would remain clear under this test. I 
wish to ask, is Sub-Committee C of Committee D-1 contem- 
plating drawing up standard specifications for Chinese wood oil? 

Mr. S. S. VoorHEES.—This matter is under contemplation, 
but the committee I think understands that it will be a long time 
before they can do it. 


(942) 
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Mr. Bracc.—I am not so sure of that. There are scattered 
all over the country a great many individual observers of Chinese 
wood oil. Isay “individual,” because each man has been thrown 
on his own feet in this question. Almost every one knows some- 
thing about linseed oil, but when you begin to talk about Chinese 
wood oil, very few of us know anything about it. If we hada 
committee to draw up standard specifications for Chinese wood 
oil, I think it could be done very quickly, and I think we would 
find, after one or two meetings, that it would not be very long 
before we would know what Chinese wood oil is, commercially. 
I bring this up not entirely from my own standpoint, because 
you will find those making coatings for steel structures and 
rust-proof coatings for steel cars, etc., are using Chinese wood 
oil more or less. If that is the case, I think it interests all of 
us vitally, because if we are going to continue using paints and 
varnishes containing this material, each of us wants to be cer- 
tain that the paint and varnish he buys under the same trade 
name will be constitutionally the same at all times, and unless 
we can standardize Chinese wood oil I don’t think we can be 
certain. Take our bridge and fence tests, for example; what 
do they amount to if you cannot be absolutely certain of the 
materials used? If you cannot be positive that you are going 
to get the same material from time to time, even though you 
do specify the right material, why these tests? 

Mr. H. A. GarDNER.—This matter is of great interest 
to all manufacturers of paints and varnishes in this country. 
Mr. Boughton has proposed a new test to determine the purity 
of Chinese wood oil, and I think that during the present year 
this test will be taken up and investigated and standardized. 
During the past year our committee examined about ten samples 
of Chinese wood oil bought from the brokers, or obtained from 
manufacturers and other sources as pure oil, and determined 
the constants for these oils. I think we already have sufficient 
data to draw up tentative specifications for pure Chinese wood oil, 
but I think we should have another year’s work on the subject 
to bring in other tests such as Mr. Boughton has proposed. 
One test to determine its purity is to heat the oil to 540° F. 
and hold it there for 7 minutes. The Chinese wood oil during 
that time is changed from a fluid substance to a very hard, horny, 
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rubber-like mass that can be easily powdered. That test at the 
present time is sufficient, in my opinion, to give us exact data 
as to the purity of Chinese wood oil. The test Mr. Boughton 
has proposed will, I think, give us corroborative data with which 
to draw up standard specifications. 

Mr. Cuartes V. Bacon.—I have examined about 34 per 
cent of the Chinese wood oil imported into this country during 
1912, and have noted that practically none of the investigators 
have recognized the different grades of Chinese wood oil; namely, 
Hongkong, Hankow and Szechuan oil. 

They are all somewhat similar, but behave somewhat 
differently under heat. The Hongkong oil will solidify very 
much quicker than the Hankow oil, but the determination of 
the purity by one or two tests, as some have suggested, I do 
not think can be accomplished, because we must not only con- 
sider purity, but also quality, and therefore several different tests 
will have to be applied to enable one to render a correct opinion. 
Hongkong oil might solidify very nicely under the method Mr. 
Gardner has just outlined, but adulteration would rarely be 
detected. 

There seems to be a belief that the main and practically 
only adulterant used in Chinese wood oil is soya bean oil. This 
is not so, as there are peanut, rapeseed, teaseed, tallowseed, lin- 
seed, fish oil, etc., which are all native to China and are made in 
and around Hankow. 

I have not gone into the botanical end of it, but I am quite 
positive that all the oil imported into the United States is Aleu- 
rites fordii, and it is my experience that it is made from sub- 
stantially the same article, the only difference in my opinion 
being the way the nuts are handled or treated. 

The Hongkong oils are pale and slightly cloudy. The 
Szechuan oils are also pale and in many instances bright, but 
under heat they do not bleach in the same manner as the Hong- 
kong oils. They darken a little and when solidified correspond 
very closely to the Hankow oils, which, before heating, are of a 
red amber color; the grade brought into this country is generally 
known as “Fair Average Pale Hankow Chinese Wood Oil.”’ 
This name, while applied to all oils of a red amber color, has a 
distinct meaning, and such oils, when solidified under heat of 
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280° C., will bleach somewhat and solidify in a period very rarely Mr. Bacon, 
exceeding 74 minutes, while the Hongkong oil will solidify in 

43 to 54 minutes, and the Szechuan oils generally resemble the 

Hankow oils. 

The standardization of Chinese wood oil will not be a very 
hard matter in my opinion, because prior to about December, 
1911, the Chinese wood oils were running so uniformly that if 
you drew a chart for the different tests you would have an almost 
straight line on every one of the constants. It was not until © 
the latter part of 1911 and the beginning of 1912 that we began 
to notice peculiarities in the oil. Oils which would solidify in 
63} minutes began to take 10 minutes to solidify, and so on. 
In fact, out of 34 per cent of the total oil imported into the 
United States in 1912, which I examined, I was able to pass 
only 27 per cent as being pure or practically pure. 

Any one familiar with the tests applied to Chinese wood oil 
is aware that he wiil have to consider both the physical and 
chemical properties. If he considers only the chemical prop- 
erties, there is tallowseed oil, which is quite available in China 
and has practically the same analytical constants as Chinese 
wood oil. 

I have laid a certain amount of stress on the viscosity, and 
while it may not be a positive test for Chinese wood oil, it serves 
as a guide, and I might say that the minimum viscosity I have 
found in pure oil is 654 on the Tagliabue instrument at 70° F., 
while the average was 703. Taking these different oils and 
adulterating them with say 5 per cent of soya bean oil will reduce 
the viscosity of an oil which originally tested 735 down to 637, 
and 10 per cent will reduce it to 588. 

Referring to the samples obtained by Mr. Gardner, I think 
he will find on looking further into these samples that he 
struck the market at a very poor time, because when he received 
his samples of Chinese wood oil, which I think was in March or 
April, the market was just flooded with adulterated oil, and the 
tendency of the brokers who had pure oil was not to put it into 
the hands of anybody who would be able to use it to advantage. 
I think much of that work and many of the samples Mr. Gardner 
has received will have to be further looked into, and the opinions 
rendered should be based upon some standard which has been 
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customary and recognized by the trade; or the report published 
without remarks such as “‘ good,” “fair,” etc. 

Mr. GARDNER.—Most of the samples we used in our com- 
mittee work were obtained from large paint and varnish manu- 
facturers, though in two cases we used samples that have been 
in my own laboratory about three years, and were known to be 
pure. During the past month I have found a test that offers a 
great many possibilities, namely, the sulphur-chloride test. 
When sulphur chloride and carbon tetrachloride are added to 
Chinese wood oil, solidification immediately takes place. The 
oil becomes a hard, dry mass. When sulphur chloride and car- 
bon tetrachloride are added to other drying oils, the hardening 
and heating action takes from 10 to 12 minutes. I think we can 
show the purity of tung oil by the sulphur-chloride test; in 
fact, we are going to use this test in the investigations proposed 
for the coming year. | 

Mr. E. W. Boucuton.—Mr. Bragg reports that the cobalt 
or lead-linoleate test described by Reihl has been found by him 
to be worthless. Since the preparation of this paper, a paper 
has been published by Fokin which states that the formula of 
elaeostearic acid is 
the double bonds being conjugated. He also states the possi- 
bility of the presence of a carbon atom with two double bonds. 
Wolff has since published the statement that the jelly-like 
product of the polymerization of the oil is not homogeneous, 
but that only a small portion of the oil is altered, the unaltered 
oil being incorporated with the colloidal gel. 

As the products of different botanical species have been 
known as Chinese wood oil, it will be very difficult to establish 
the meaning of the word “purity” for this oil. Certain desir- 
able characteristics will enable us to pass upon the quality of a 
sample. Perhaps we may adopt the word “prime,” as Mr. 
Bacon has used it, in judging oil. Whatever the methods of 
manufacture may be for the preparation of paint or varnish, 
an oil of certain chemical constants and showing certain values 
for the heat test and the iodine-jelly test will be a standardized 
material, so that the manufacturer will know what he is getting, 
and will know from experience how it will act in his kettles. 


OUTLINE OF A TEST FOR INDICATING THE 
RELATIVE PRIMING AND TOP-COAT 
VALUES OF DIFFERENT PAINTS. 


By M. 


The generally accepted conclusion, reached as a result of 
the experience of the past few years, is that the best protection 
against the corrosion of iron and steel is not to be secured by 
the use of any one kind of paint, but by the use of different 
kinds of paint in combinations. Certain paints are excellent as 
primers, while others give best service when used as top coatings. 
The importance of a simple test to determine value of paints 
in these particulars seems evident. Three years ago the writer 
started a test with this idea in view, and the results seem to 
show that the method adopted is capable of being used to con- 
siderable advantage. Objection may be made on the ground 
that the areas covered are too small; but on the other hand, 
tests of two or more combinations may be made on one piece 
of steel, thus eliminating uncertainties arising from variations 
- in the qualities of the steel plates. 

Briefly the scheme is as follows: The upper half of a steel 
plate (10 by 16 in. is a good size) is painted with one of the 
two paints being tested, while the lower half is painted with the 
other. When dry, the left half of the plate is painted with the 
first paint, and the right half with the second paint. This is the 
simplest form of the test, and gives four combinations of coats. 
The plate may be divided into thirds and three paints tested, 
giving nine combinations of two coats each. In the test referred 
to, two paints were tested on each plate, but three coats were 
applied, the third coat being a duplicate of the second. The 
paint was normally mixed and normally spread. The steel was 
not especially prepared except to see that it was clean. The 
exposure was in a city, on the roof of a factory, one hundred 
yards from a railroad, and one-half mile from salt water, and 
with a southeast exposure. 
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Fic. 1. 
Upper LEFT Upper RIGHT Lower LEFT LoweER RIGHT. 
Priming Coat...Red Lead Red Lead Cryst. Graphite Cryst. Graphite 
Second Coat....Red Lead Cryst. Graphite Red Lead Cryst. Graphite 
Third Coat... .Red Lead Cryst. Graphite Red Lead Cryst. Graphite 
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Uprer Lert Upper RIGHT Lower LEFT Lower RIGHT. 
Priming Coat...Red Lead Red Lead Iron Oxide Iron Oxide 
Second Coat....Red Lead Iron Oxide Red Lead Iron Oxide 
Third Coat.....Red Lead Iron Oxide Red Lead Tron Oxide 
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Fic. 3. 
Upper Lert Upper RIGHT Lower LEFT Lower RIGHT. 
Red Lead Amor. Graphite Amor. Graphite 


Priming Coat...Red Lead 
Second Coat....Red Lead Amor. Graphite 


Third Coat.....Red Lead Amor. Graphite 


Red Lead Amor. Graphite 
Red Lead Amor. Graphite 
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Fic. 4. 


Upper LEFT Uprer RIGHT LowER Lert Lower RIGHT. 
Priming Coat.Cryst. Graphite Cryst. Graphite White Lead White Lead 
Second Coat. .Cryst. Graphite White Lead Cryst. Graphite White Lead 
Third Coat. ..Cryst. Graphite White Lead Cryst. Graphite White Lead 
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It is not the writer’s intention to present any conclusions 
as to the result of the test, as it was not carried on under author- 
ity of this Society, but certain characteristic results have been 
shown which seem to prove the value of the form of test and 
should therefore be of general interest. These are shown in 
the five photographic cuts, Figs. 1 to 5, appended hereto. 

Attention is called to the difference in tone of the upper 
and lower right-hand quarters of Fig. 1. This is entirely due to 
the underlying red-lead coat in the upper quarter, the line of 
demarcation being its lower edge. The graphite coating over 
the red lead has retained its luster, while it has lost it when 
applied over itself as a priming coat. 

In Fig. 2, the difference in tone of the right-hand quarters 
is again caused by the underlying coat of red lead. The upper 
portion has retained its original brightness while the lower 
portion has changed to dark brown color. 

In Fig. 3, the action of the under coating in preserving the 
outer coating is still more pronounced than in Fig. 1. 

Fig. 4 shows that no action has occurred between these 
coatings, as no line of demarcation is observable. 

Fig. 5 is presented as conveying a possible hint to investiga- 
tors in the paint industry. The white paint used on this panel 
was whiting, and is seen to be in almost perfect condition in its 
central portion. This part was immediately below a point 
where a brass button was located to hold the plates in position. 
The ends of the brass button were wound with black rubber 
insulating tape, as used in electrical work. 

It is quite evident that tests made on one plate are much 
more easily compared than when made on separate plates, with 
the added advantage of there being no uncertainty as to the 
character of the metal itself. 
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DISCUSSION. 


Mr. H. A. GARDNER.—I think one point of great impor- 
tance has been brought out in these and other recent tests, 
namely, the protective value of calcium carbonate. In the 
Atlantic City tests which are under the supervision of this 
Society, pigments which are basic in nature proved to be wonder- 
ful inhibitors of corrosion. ‘There is no pigment which has 
such a wide general use for painting metal as red lead. A red 
lead with only 6 per cent of litharge in its composition is, how- 
ever, a practically neutral, inert pigment. Red lead containing 
about 15 per cent of litharge is very inhibitive and should be 
used whenever available. Neutral chromate of lead is also a 
pigment which is inert towards corrosion, while a basic chromate 
of lead is highly inhibitive. Sublimed blue lead is another basic 
pigment, containing 35 per cent of litharge in a combined 
amorphous condition, so that it does not react with linseed oil. 
This pigment has shown its inhibitive properties for five years 
in the Atlantic City tests. 

Mr. G. W. THompson.—The question as to whether a red 
lead, containing a relatively high percentage of litharge, is better 
than one containing a low one, is a matter that can only be 
determined by practical experiments, where litharge is added 
to red lead or red leads of various compositions compared prac- 
tically. There is no doubt, however, but that the highest grade 
of red lead, that is, the one containing the highest percentage of 
pigment, is the better pigment, or, in other words, has the best 
qualities from the paint standpoint. The high degree of oxida- 
tion is simply obtained by fine grinding. 

Mr. GARDNER.—There is just one process by which 98-per- 
cent red lead can be made and not contain sodium in the red 
lead, and that is to make it by roasting scrap white lead at a 
high temperature; but such a red lead is not as good as an 85-per- 
cent red lead. 
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COAL-TAR AND ASPHALT PRODUCTS FOR 
WATERPROOFING. 


By S. T. WAGNER. 


The increasing number of solid-floor bridges, especially in 
. cities, involving waterproofing and the expenditure of large 
sums of money, and the necessity of thoroughly protecting steel 
reinforcement in concrete under certain conditions, as well as 
the waterproofing of masonry in general, make the study of the 
various external methods of waterproofing of the greatest 
importance. The methods referred to consist in the applica- 
tion to the surface to be waterproofed of either a membrane 
of felt or fabric of some kind thoroughly cemented together 
with some bituminous material, or a layer of inorganic material 
impregnated with the same substance. 

There can be no question but that the bituminous material 
so used is the real waterproofing medium, and that all other — 
materials incorporated therein are simply fillers to retain the 
bituminous material in place and give it additional reinforce- 
ment of some kind. 

Whether the waterproofing is applied for the protection 
of the public from drippings from an overhead railroad bridge, 
or is used to prevent the corrosion of reinforcing material in 
concrete construction exposed to water, the object in either case 
is to obtain a layer of durable waterproofing material which is 
suitable to each particular case. 

Waterproofing is expensive; it is always very difficult and 
costly to repair if defective; and it behooves the engineer to use 
the best materials that he can secure and to apply them with 
the greatest care to the structure, which should be especially 
designed to meet the necessary details required in good water- 
proofing practice. There is much uncertainty at the present 
time as to a number of points in connection with this character 
of work, but there appears to be almost complete agreement that 
the perfect or imperfect application of the materials determines 
a good or a bad piece of work. 
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It would appear that, outside of particular instances where 
waterproofing is used to keep water in, the majority of cases 
are those in which the object is to keep the water out; and of 
these a very considerable portion of the structures requiring its 
use are essentially different as indicated above—first, solid-floor 
bridges; second, underground masonry. 

In the first case the conditions are such as to require special 
elasticity at all temperatures in order that the waterproofing 
may adjust itself to the vibrations of the structure, especially 
in the cases of railroad bridges of relatively short span. It is . 
usual to have a regularly ballasted floor, which if properly 
drained makes a condition for which we can say in general that 
the oxidizing action of the air is probably a more potent factor 
in the disintegration of the waterproofing material than the 
action of whatever water may be present. 

In the second case we may safely say that when the 
masonry is covered with even a small amount of earth, the 
action of the air is negligible and that of the dampness, or 
water, is the more serious. In some instances water may be in 
constant contact with the waterproofing. 

The materials to be used should therefore have chemical 
and physical characteristics which make them suitable for the 
above-mentioned conditions. 

There are in use at the present time two general classes of 
materials which are used for waterproofing purposes when the 
conditions are as just described: First, compounds of an 
asphaltic nature; second, coal-tar pitch. Both of these materials 
have been and are at present used quite extensively and with 
varying success. The successes or failures in many cases have 
been due to proper or improper application as much as to the 
inherent qualities of the materials themselves; and it is believed 
that the successful use of either class has often been attributed 
to this fact rather than to the real qualities of the materials, 
and that at the present time the amount of reliable data as to 
what is needed in the way of a specification for the proper 
material to be used is woefully lacking. 

To one who is not a modern chemist and thoroughly versed 
in the mystic symbols of the hydrocarbons, the chemistry of 
these materials is almost hopeless in its practical application; 
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but it is quite evident that there is an essential difference between 
them chemically, that is, between such figures as are usually 
given in chemical analyses. 

The physical properties are apparently much more interest- 
ing and useful to the practical engineer, and it would seem that 
we could do away with the chemical data unless they indicate 
properties which when translated will enable us to distinguish 
undesirable, or it may be dangerous, elements. We can under- 
stand and appreciate such figures as melting point, brittle point, 
elasticity at various temperatures, and consistency, and data 
concerning these properties give us a very fair idea of the 
various physical properties. 

The data which seem to be needed are those from labora- 
tory tests which will enable us to determine the relative dura- 
bility of these products, first, when exposed to the air; second, 
when exposed to water; and third, when alternately wet and 
dry. Any such test is, or would be, essentially an accelerated 
test. It is possible that at the present time the question of 
durability might have to be answered by practical experience 
with the different materials in existing structures. However, 
it does seem that some information as to what we should aim 
for and what should be avoided is due from the manufacturer or 
the chemist. Nothing inspires the confidence of the user of a 
structural material so much as the free discussion of the methods 
of manufacture on the part of the manufacturers. Experience 
in the past with other materials has shown that this confidence 
is not abused in the preparation of specifications. Such informa- 
tion is badly needed in connection with waterproofing materials. 

From recent investigations and research there seems to 
be a general impression that when exposed to the air, asphalt 
products are more durable than coal-tar products, and that the 
opposite is true when exposed to water. The opinion that asphalt 
products are more suitable for use on solid-floor bridges seems 
to be of general though not universal prevalence, on account 
of the greater elasticity of this material at low temperatures. 
In other words, an asphalt product with a melting point of 
150° F. which will be ductile at a temperature of 40° F. or 
lower can be obtained, while a coal-tar pitch with the same 
properties can not. It has been the experience of the writer 
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that asphalt mastics made with natural rock asphalts, when 
fluxed with asphalt compounds of high ductility at low tem- 
peratures, produce mastics which are much less liable to crack 
in service than are those in which the flux used is brittle when 
cold. 

Water to a certain extent is a solvent of all asphalts, but 
from the tests of Whipple and Jackson! it is quite evident that 
the question of solubility is a comparative one, and the tests 
there given show that there are classes of asphalts upon which 
the action of water is very slight. In this paper a quotation 
is made from Richardson? which shows that the action of water 
upon coal tar is about two-thirds of that upon Bermudez asphalt 
cement when expressed as the gain in weight in water in a given 
time. Bermudez asphalt in the tests made by Whipple and 
Jackson is among those which were most affected by water. 
A number of cases of the durability of coal-tar pitch in actual 
service in underground work seem to indicate very positively 
its suitability for this class of work. Will some one say whether 
or not properly selected asphalts are unsuitable under similar 
conditions? 


Apparently the questions which need to be answered are 
the following: 


1. What kind of materials are most suitable for general 
application to (a) solid-floor bridges; (b) underground 
masonry? 

2. What kind of materials are most durable for (a) solid- 
floor bridges; (6) underground masonry? 

3. If asphalt products are used, what should be specified? 

4. If coal-tar products are used, what should be specified? 


Probably the answers to these questions belong to the 
work now under consideration by Committee D-8 on Water- 
proofing Materials, but a general discussion of the subject may 
be of material assistance to the committee in its work. 


1 Proceedings, Brooklyn Engineers’ Club, March 8, 1900. 
2 Municipal Engineering Magazine, June to August, 1897. 
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DISCUSSION 


Mr. P. P. SHARPLES.—Coal-tar products for waterproofing 
purposes have been used for many years and have been found 
very satisfactory indeed, both for underground work, and for 
overhead work with full exposure to the air. A very large 
amount of coal-tar pitch is used for roofing. In the case of the 
tar-and-gravel roof, the coal-tar pitch is exposed directly to the 
air, so there is no question but what coal-tar materials are 
entirely suitable for use in waterproofing bridge structures. 

In the list of tests suggested for waterproofing materials 
Mr. Wagner has omitted any test which would show whether 
the materials will reunite when once fractured. In any structure 
where the waterproofing is subjected to bending or tearing 
strains, the property of reuniting is essential to successful and 
lasting work. 

In specifications it has been usual in this country to specify 
that the coal-tar pitch shall be a straight-run coal-tar product, 
and to specify its melting point by the usual cube method. 
This simple specification has usually brought forth materials 
that have been satisfactory. . 

Mr. C. N. Forrest.—Mr. Sharples has just put in a word 
concerning coal-tar pitch for waterproofing purposes, so I rise 
as an exponent of asphaltic products, as both classes of sub- 
stances have been mentioned in the paper by Mr. Wagner. 

Asphaltic products have been used successfully under both 
ground and water, as well as above ground, just as coal-tar 
products may have been used with success above ground as well 
as under ground and water. The tests of Whipple and Jackson, 
which have been referred to in Mr. Wagner’s paper, are rather 
ancient. As I remember them they were conducted by treating 
the asphalt and various other substances contained in glass 
bottles with water and estimating the amount of soluble matter 
taken up by the water after a period of time. The chances are 
that more soluble matter came from the glass of the bottle than 
from ‘the bituminous substance. I think one of the chief diffi- 
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culties in the way of securing bituminous products which will be 
suitable for waterproofing purposes is that the specifications are 
entirely too general. The terms “asphalt” and “‘coal tar,” as 
usually employed in specifications and also as referred to in the 
paper under discussion, are too general. There are many 
different classes or types of both of these substances, all of which 
have to be, or should be, prepared for specific use. 

Some manufacturers who are interested in the exploitation 
of waterproofing materials have issued directions for the use of 
their products, and one in particular has supplemented such 
directions with quite definite specifications covering different 
classes of bituminous cements and recommendations as to their 
use. I do not think that there is any doubt that asphaltic 
mastic furnishes the highest type of waterproofing system. 
That also seems to be the opinion of the author of the paper: 
It is, unfortunately, the most expensive form, as it must be © 
applied by skilled labor which may have to be transported a 
long distance. On the other hand, the application of the so- 
called membrane method of waterproofing may be done by 
local talent just as the ready roofings are applied, and many 
failures of that type of work may be due to careless work, quite 
as often as to the use of improper materials. The tendency of 
engineers in the selection of asphaltic products appears to be to 
get as far away from the general nature of coal-tar products as 
they possibly can. A sample which in the hand is of a rubbery 
nature and attractive looking may be given preference, although 
some more fluid and highly cementitious compound would be 
much better for the purpose. On account of the inherent prop- 
erties of bituminous substances in general, rubbery characteristics 
may only be secured by sacrificing other and sometimes more 
important characteristics. Coal-tar pitch, we know, is a very 
adhesive, ductile material and has the property of self-healing, 
as the former speaker has remarked, which is very desirable in a 
waterproofing system. On the other hand, those ashpaltic 
products which are very resistant to wide fluctuation in tem- 
perature, and are of a rubbery nature, are noticeably lacking in 
that respect. 

The former type of materials are cements while the latter 
more closely resemble greases. Intermediate, between the 
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extremely fluid and brittle coal-tar products and the extremely 
viscous and non-brittle asphaltic, or perhaps more correctly 
speaking, petroleum products, are the natural solid asphalts 
which possess a fair balance of adhesive and cohesive properties, 
and are suitable for a wider variety of waterproofing purposes, 
both as mastic or plying cement with felt or fabric membrane, 
than either of the extremes just mentioned. 

‘A great deal of material which is only suitable for use as a 
filling for expansion joints has been used as a cement between 
felt or a fabric, and found to be unsatisfactory on account of a 
lack of sufficient adhesive properties. 

Mr. W. H. KersHaw.—There is another point that has not 
been touched by Mr. Forrest, with whose remarks I agree fully. 
In the extensive use of bituminous waterproofing materials by 
railroads on their steel bridges and also on their underground 
masonry, which often carries conduits, the engineer frequently 
looks for a material that will not only act as a waterproofing 
agent, but that also possesses some insulating properties. It 
strikes me that, without knowing the particular needs of the 
engineer, it would be a great mistake to attempt to outline 
specifications, even in a general way, or to attempt to answer 
the four questions asked by Mr. Wagner. 

Mr. S. T. WAGNER.—My principal object in the prepara- 
tion of the paper was an endeavor to obtain in the discussion 
information that might be of value in the preparation of reason- 
able specifications for the materials used in waterproofing. It 
is undoubtedly true that conditions govern the character of the 
material to be used and that these conditions vary greatly. The 
two conditions especially mentioned in the paper, namely, (a) 
solid-floor railroad bridges, and (6) underground masonry, are 
those of particular interest to me. It would not only be impos- 
sible but also unwise to attempt to make specifications that would 
be applicable for all purposes. For that reason the questions 
asked in the paper were confined to definite lines. 

Mr. BENJAMIN Foster (by letter)—A discussion of the 
various points involved in the proper and economical solution 
of waterproofing problems by the membrane method is resolved 
into two divisions; first, the waterproofing of solid-floor bridges, 
second, the waterproofing of building construction. The radi- 
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cally different conditions which obtain as to contact with water, 
contact with air, and variations in temperature are such that 
the application of a method satisfactory for the one purpose will 
not necessarily serve equally well for the other. 

It is only in comparatively recent years that systems of 
waterproofing have come into general use. Such information 
as may be contained in this paper, however, is the result of 
fifteen years’ experience in this class of work. 

Reverting again to the two divisions of problems, it may be 
stated that the waterproofing of bridges is relatively simple 
compared with waterproofing the foundations of buildings. In 
the one case the waterproofing system is applied for the purpose 
of shedding water in a way somewhat similar to the water- 
proofing roof construction; in the other, pressure must be 
considered, and there is no opportunity of devising a design 
that will dispose of the water by the aid of gravity. 

After a wide discussion of this subject with architects and 
railroad engineers, it would appear that there has been entirely 
too much time and effort consumed in the discussion of the 
technical constituency of the materials to be used, at the expense 
of a careful consideration of the manner and method of appli- 
cation. If means of shedding the water are important, even 
more so is the establishment of connections that will effectively 
and permanently seal the waterproofing course. Instances can 
be cited by the writer where tremendous expenditures for water- 
proofing systems have been of no avail, owing to the fact that no 
proper provisions had been made for the sealing and water- 
proofing course. Without connections that can be depended 
upon indefinitely the work soon becomes valueless. 

After the manner of application has been designed in the 
most careful and effective way that conditions will permit, there 
comes the question as to the kind and quality of bituminous 
materials to be used. Various preparations of coal tar and 
asphalt have been found to accomplish the desired results, when 
applied to meet conditions which the waterproofing selected is 
able to resist. Good materials used in the wrong place are, 
however, as apt to be productive of bad results as when poor 
materials were used originally. 

Unfortunately, there are on the market numerous prepara- 
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‘tions listed under the head of coal tar and asphalt, which are Mr. Foster. 
absolutely worthless under any conditions—cheap and ineffec- 
tive substitutes for the higher-grade materials that a satisfactory 
job necessitates. ‘The worst feature of the situation, from the 
viewpoint of the engineer or architect, lies in the fact that it is 
impossible for one inexperienced in handling such materials to 
distinguish the difference between the two. 

The progress of practical laboratory methods, up to the 
present time, has not been such as to enable the analytical 
chemist to differentiate between good and bad waterproofing 
compounds. In fact, the laboratories of certain unscrupulous 
manufacturers have made far greater progress, as evinced by 
their ability to manipulate formulas in such a manner as to 
permit deductions that practice readily disproves. In certain 
cases worthless materials appear to possess a much higher grade, 
if the results produced by the legerdemain of the subsidized 
chemist be accepted as worthy of credence. 

The lack of dependable laboratory methods is shown by 
the fact that numerous instances are known to the writer where 
practically worthless materials, susceptible of ready deteriora- 
tion, have been submitted to reputable laboratories and accepted 
in accordance with specifications, and the cost of manufacture 
thereby reduced 50 per cent. 

In using the membrane system of waterproofing, the adop- 
tion of a suitable carrying material or binder is of the utmost 
importance. Various agencies are utilized—wool felts, asbestos, 
felts, canvas, burlap, etc.—as a base for saturation with the 
various bituminous compounds. Fabrics, or reinforced felts, 
find greater favor on account of their toughness, which holds 
the waterproofing together in a uniform mass and aids in the 
prevention of openings by various causes. 

At this point the writer wishes to strongly emphasize the 
fact that it is not possible to obtain the same efficiency from 
single heavy plies as from thinner plies of saturated felt used in 
such number as the work may demand. Furthermore, a perfect, 
homogeneous bond must be secured in all instances ‘or the effec- 
tiveness of the membrane system of waterproofing is greatly 
lessened or destroyed. Some argue that the heavy fabrics or 
reinforced felts, because of their great toughness, prevent punc- 
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turing or cracking. Nevertheless, when a surface is at all suited 
to receive the membrane system of waterproofing, such protec- 
tion is not necessary, provided the proper number of plies have 
been used. 

An instance in point is a building that had been water- 
proofed for a ten-foot head of water, with bituminous material 
and saturated fabrics which were apparently of the highest grade 
that could be obtained and applied in the best possible manner. 
After excavations had been filled and the pumps stopped, water 
came into the sub-basement to the height of four feet in a very 
few hours. After re-excavation and due examination it was 
found that the defects existed where the seals had been made at - 
the footings, due to the materials not bonding satisfactorily. 

The work was then done over with thoroughly saturated 
felt of the lightest weight that it was possible to obtain. At 
the present time the sub-basement, which is thirty feet under 
ground, is absolutely water-tight. 

Another factor of importance is that the men employed in 
work of this kind should be thoroughly familiar with it, should 
be regularly engaged in jobs of this sort and thoroughly under- 
stand every detail involved. It is a common practice to permit 
any kind of ordinary labor to apply waterproofing material under 
inspectors who have not had experience to warrant their judging 
anything other than the quantity of materials used. The services 
of a practical waterproofing man are necessary. Furthermore, 
he should be concerned solely with the results desired on a given 
job and not employed in advocating any particular brand or 
grade of materials. He is then able to devote unbiased judg- 
ment and valuable experience to the task in hand. 

Mr. WAGNER (Author’s closure by letter) —Mr. Forrest 
raises some very interesting points. The terms “asphalt” and 
“coal tar” are entirely too general and there should certainly be 
some agreement between experts in this line as to what the proper 
names should be. There are a great variety of materials which 
resemble each other very closely, but which have very different 
properties. 

The writer is not an advocate of asphalt mastic, at least 
for waterproofing floors for railroad bridges, although he has 
been associated with its use where no other method seemed prac- 
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ticable, and where the results have been better than might have 
been expected. He does believe that it is one of the best and 
most durable methods that can be used for waterproofing 
masonry where there is no vibration, provided proper materials 
are used. His experience has been entirely with mastics made 
from imported natural rock asphalts. Recently the water- 
proofing of a railroad arch over a street in Philadelphia was 
examined after having been in use for twenty-one years. The 
arch was stone faced and filled with brick, plastered on top with 
cement mortar and covered with an asphalt mastic made from Val 
de Travers natural rock mastic, 1 in. in thickness. The dry stone 
packing was placed directly on top of the waterproofing, and 
although it had cut down into the mastic at many points, there 
seemed to be always a sufficient amount remaining to answer 
the purpose. The top surface of the mastic was as bright as 
the day it was laid, and showed no signs of disintegration, and 
the fracture was such as to indicate that it was good for many 
more years. 

In the paper the writer called attention to only two kinds 
of waterproofing, or rather to only two conditions, and it does 
seem to him that it should be possible to have proper specifica- 
tions for these two conditions. 

Take the single case of a solid-floor railroad bridge. It is 
believed that a waterproofing material is réquired which com- 
bines ductility with adhesiveness, and which has these prop- 
erties under all atmospheric conditions. Experience has shown 
that if the materials to be waterproofed in a bridge floor, whether 
some agreement between experts in this line as to what the proper 
steel or concrete, are clean and dry, it is possible to have practi- 
cally perfect adhesiveness, and that if the material in the water- 
proofing is ductile at low temperatures and will not run at high 
temperatures, good work can be done. There are asphalts 
which will give these results, but the writer has not as yet been 
able to find them among the coar-tar products. He is glad to 
hear, however, that coal-tar pitch has the property of self- 
healing, as experience indicates that this property is necessary 
when waterproofing is subject to vibration at low temperatures. 
Would not such a structure be liable to leak if the material 
fractures at a low temperature, and water is applied before the 
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temperature rises to such a point that the self-healing can take 
place? 

Investigations made with a large number of asphaltic mate- 
rials show that they are subject to great variation with respect 
to their ductility, some of them having this property only at 
temperatures of about 70° F. and over, being brittle at about 
freezing temperatures. How long such asphalts will retain their 
ductility is an interesting question. Some of them have been 
carefully watched for about four years, and do not seem to have 
changed in that time. 

It is very important that there should be uniformity in 
structural materials, and tests should be made of every ship- 
ment. On work with which the writer has been connected care- 
ful tests have been made on the waterproofing materials used 
in order to determine this property, and thus ascertain a proper 
basis for specifications. So far the results have shown that it is 
possible to obtain as much uniformity in asphalts as in materials 
of any other class. It is hoped that experience in the future 
will finally result in specifications for waterproofing materials 


for solid-floor bridges, which can be met commercially, and at 
the same time ensure a material which will be durable and meet 
the demands of the conditions, 
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TESTING OF REFRACTORIES.! 


By A. V. BLEININGER. 


The subject of testing refractories is in a somewhat unsatis- 
factory condition, both from the standpoint of the consumer 
and the producer. This is not surprising, owing to the fact that 
these materials differ widely in composition and are used under 
greatly varying conditions. The subject has not been mastered 
as thoroughly as its importance deserves, as is evidenced by the 
many erroneous and misleading statements contained in books 
on metallurgy. It would seem desirable, therefore, that refrac- 
tories be studied more exhaustively than has been done in the 
past. 

Neglecting the subject of special refractories, the three 
classes of materials generally employed may be roughly grouped 
into clay, silica, magnesia and alumina refractories. The classi- 
fication into neutral, acid, and basic materials cannot be justified 
owing to the indefiniteness of the term ‘neutral’? and since - 
many clay refractories are far from being neutral in their 
behavior towards slag. Again, while both the magnesia and 
alumina products might be included under basic materials they 
differ widely in their effect upon slags. It would seem more 
desirable, therefore, to adhere to the terms which at once indicate 
the composition of the materials. 

In use, refractories are called upon to stand up under many 
conditions. They may be expected to resist high temperatures 
under negligible or under considerable loads, to resist abrasion 
at various temperatures, to prevent the intrusion of slags, glass, 
carbon or metallic vapors, to withstand sudden temperature 
changes, the effect of superheated steam, sulphurous or other 
gases, and other special conditions. It is manifestly impossible 
to expect that a single refractory will fulfil all of these functions 
with any degree of satisfaction. There are, however, certain 
requirements of characteristic importance which impart to 


1 By permission of the Director, Bureau of Standards. 
(967) 
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refractories their greatest value and of these refractoriness is 
obviously the most prominent. The lower the desired working 
temperature is for a certain material the easier it may be adapted 
to any particular requirement. From this it follows that the 
greatest difficulty is encountered in obtaining products of high 
heat-resisting power, which at the same time possess some of 
the special requirements demanded. A valuation of these 
materials on the basis of their refractoriness would thus seem to 
be a fair procedure. 


Fusion TEstTs. 


Unfortunately, the term “refractoriness” has no specific 
meaning. Generally, it is supposed to represent the so-called 
melting point of a material. This confronts us with a serious 
difficulty due to the fact that the substances used for work of 
this kind possess no melting point in their proper physical concep- 
tion. It is a well-known fact that silicates, like clays, lacking in 
well-defined crystalline structure and of high molecular viscosity, 
offer no definite transition point from the solid to the liquid phase, 
nor any other criterion, corresponding to the transformation of 
a substance from the anisotropic to the isotropic state. We are 
compelled therefore to depend upon deformation data, such as 
the rounding of edges, the bending of specimens of standard 
size and shape in the manner of Seger cones, or the formation of 
drops. But even when a standard condition of deformation has 
been established it is evident from theoretical considerations 
that the rate of heating will have a decided influence upon the 
deformation temperature, rapid firing resulting in a higher 
point than that from a slower rate of heating. This condition is 
made still more complicated by the heterogeneous nature of the 
materials to be tested, which consist of particles of different 
substances varying greatly in size. It is thus seen that the 
determination of the softening temperature is not as simple as it 
might appear, and that in the comparison of refractories a stand- 
ard mode of procedure should be established. Fortunately, the 
higher the temperature involved, the less marked seems to be 
the influence of the rate of heating upon the deformation point. 

In making a softening-point determination of a refractory 
it seems desirable to grind the specimen so that the material 
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will pass the 80-mesh screen and to make up small tetrahedra of 
the size of the higher pyrometric cones. It is hardly necessary 
to point out that any metallic iron introduced by grinding should 
be removed by means of a magnet. The furnace to be used 
should be a carbon-resistance furnace of the type shown in Fig. 1, 
or still better, one heated by means of a coil of molybdenum or 
tungsten wire in an atmosphere of hydrogen. The Arsem 
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Fic. 1.—Electric Carbon-Resistance 
Furnace for the Determination of 
Softening Temperatures. 


vacuum furnace has been used very successfully by Doctor Kanolt 
in work of this kind. The crucibles or tubes used as receptacles 
for the specimens may consist of an alundum, or, for very high 
temperatures, of a fused magnesia body. It has been the 
experience of the writer that somewhat impure magnesia con- 
taining from 5 to 10 per cent of ferric oxide, silica and alumina, 
is to be preferred to the pure substance for this purpose. 

The deformation points to be noted are the rounding of the 
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tip of the cone and the bending of the latter as prescribed for 
all pyroscopes of this kind. ‘The temperature of these points 
is most readily estimated by means of standard cones,' the 
deformation points of which should be fixed as closely as possible 
by means of an optical pyrometer, preferably of the Morse 
type. The specimen of refractory to be tested should be sur- 
rounded by a number of the standard cones and its appearance 
compared with that of the latter. Wherever possible, the direct 
estimation of the temperature is, of course, preferable. 


Loap TEsT. 


While for general comparison, the determination of the 
deformation point is very desirable and may be used as a 


Fic. 2.—Specimens of Fire Brick which have Failed in the Load Test. 


criterion of the value of the refractory, it is by no means an 
accurate index of its behavior in use. Thus, a good many so- 
called No. 2 fire clays will show quite high deformation tem- 
peratures corresponding to, say, cone No. 31, and yet fail under 
practical heat conditions. To a large extent this must be 
ascribed to the high viscosity of the materials, which causes 
them to deform but slowly, and their heterogeneous structure. 

In order to overcome this condition it has been suggested 
to subject the refractories to load conditions at an average 
furnace temperature,’ in which the compression of the specimen 
is only a small fraction of its crushing load at atmospheric 


1 Obtainable from Prof. Edward Orton, Jr., Columbus, Ohio. 
2 Technologic Bulletin No. 7, Bureau of Standards, Washington, D. C. 
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temperatures. In this test the material is usually represented 
by a brick of standard size placed on end and heated at a pre- 
scribed rate up to 1350° C., which temperature is maintained 
constant for one hour. The load is 50 lb. per sq. in. The 
viscosity effect of the material, by virtue of which it is barely 
capable of sustaining its own weight at the higher temperatures, 
is overcome by this procedure, and in a measure the refractori- 
ness is estimated, since failure occurs practically always through 
the softening and the deformation of the mass, as illustrated 
by the photographs shown in Fig. 2. At the same time the 
product is tested as a whole in the condition in which it is used, 
so that the result takes into account the physical structure and 
other factors and represents, besides, the actual standing-up 
quality under load conditions. This latter information is very 
desirable for many uses where the factor of load is involved, 
as for gas benches, arches, crowns, retorts, glass pots, etc. 


VoLUME CHANGES. 


A very important consideration regarding refractories is 
their change in volume upon heating in actual use, not consider- 
ing that due to the thermal coefficient of expansion. Many 
materials of this kind are subject to positive or negative volume 
changes. These may be continued contraction, caused by insuffi- 
cient firing in the process of manufacture, or the formation of 
glass from the several anisotropic constituents, the dissociation 
of clay into sillimanite, the transformation of quartz into 
tridymite and cristobalite, and other more or less unknown 
chemical and physical changes. This whole matter is one of 
considerable practical importance, since the irregular behavior 
of the materials in this respect may mean their failure in use. 
There is a somewhat general tendency to underburn refractories, 
which needs correction. The claim made by some that fire 
bricks need not be burnt in kilns to the maximum temperature 
possible is fallacious in every case. For this reason the iron 
discolorations appearing on hard-burnt brick are an indication 
of good burning, and it is unwise to object to such products on 
the ground of their external appearance. 

The question of volume changes is most readily investigated 
by reburning the product several times to temperatures not 
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lower than 1350° C. and noting the differences in volume by 
means of the Seger volumenometer, using as a check the 
determinations of the apparent and true specific gravity, the 
latter to be determined on the crushed material passing the 
80-mesh sieve. At the same time there is need of much work 
concerning the thermal coefficient of expansion and other volume 
changes observed by linear measurements made upon specimens 
heated in appropriate furnaces. 


RESISTANCE TO SUDDEN TEMPERATURE CHANGES. 


The resistance of refractories to sudden temperature changes 
offers an important problem of great practical interest. In a 
number of laboratories such determinations are already being 
made by quenching, in cold water, bricks heated to redness, and 
noting the number of quenchings required to destroy the brick. 
In the practice of the Bureau of Standards laboratory, however, 
it has been noted that this test, in spite of its apparent severity, 
is not as discriminating as the cooling of heated bricks on one 
side in a stream of cold air. In the latter test more severe strains 
are set up and the resisting qualities are more clearly brought 
out than in the quenching. It goes without saying that the 
conditions of the test should be made as strictly comparative as 
they can be made with reference to the heating, the air pressure, 
length of treatment, etc. 


RESISTANCE TO SLAGGING ACTION. 


Regarding the resistance of refractories to the action of 
slags it has been suggested by the Laboratory of the Tonindustrie 
Zeitung, Berlin, that cubes be made of the material to be tested, 
containing a depression, which is to be filled with the type of 
slag or glass under consideration. These are then carried in a 
furnace to a temperature sufficiently high to bring about fusion 
of the fluxing silicate. After cooling, the cubes are broken and 
their fracture studied. This procedure no doubt could be 
developed into a very instructive test which would be helpful to 
the manufacturer in developing the best conditions for resisting 
slag intrusion. 
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CHEMICAL COMPOSITION. 


In work with refractories it is very desirable to know the 
chemical composition of the materials to be examined, even 
though the physical tests are of more direct importance. If 
all of these products were physically homogeneous the chemical 
composition would be of the greatest significance. It is obvious 
that the so-called impurities differ according to the type of the 
refractory. While in clay and siliceous materials the fluxes com- 
prise the basic constituents, iron oxide, lime, magnesia, potash 
and soda, in magnesite brick the silica, alumina and ferric oxide 
must be considered detrimental. 

In comparing the composition of many refractories, espe- 
cially fire-clay products where there are about eight constituents 
to be considered, it is advisable to make use of empirical chemical 
formula in which the constituents of the same class are grouped 
together. By the artifice of making one constituent equal to 
unity it is possible to reduce the variables to two expressions. 
Thus, from the following fire-brick analysis, the formula given 
below may be computed: 


0.061 FeO, 0.011 CaO, 0.044 MgO, 0.021 Na,0, 
0.044 K,O, 1 Al,Os, 3.693 SiO». 


This empirical formula is simplified by combining the 
fluxing constituents so that the final expression becomes 0.181RO, 
1 Al,O;, 3.693 SiOe, containing but two variables. The slight 
trouble involved in this calculation is amply repaid by the ease 
with which the chemical characteristics of the material may be 
summarized. Referring to fire clays, by comparing the result- 
ing formula with that for pure dehydrated clay substance, 
A1,03-2SiO2, the silica in excess is at once noted. Similarly, 
the total fluxes expressed in molecular equivalents give an excel- 
lent index as to the amount of impurities and their joint effect, 
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especially in connection with the silica content, since it must be 
realized that the basic constituents are the more potent, the 
more siliceous the clay is. The practice of estimating the refrac- 
tory value of a fire clay by adding the percentages of the fluxes, is 
quite misleading and is apt to lead to erroneous conclusions, 
since evidently the resultant effect is more apt to be proportional 
to the molecular amounts than to the simple weight relations. 


SUPPLEMENTARY STUDIES. 
Further study is needed also of the specific heat and the 
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Fic. 3.—Ludwig’s Diagram Correlating the Chemical 
Composition with the Refractoriness of Fire Clay. 


thermal conductivity of refractories, although such work as that 
of Wologdine and others has thrown considerable light upon the 
latter as applied to clay refractories. 

In the discussion of the subject, the question of the mortar 
used in laying up refractory products is a vital one, and it might 
be stated that in each case the quality of the cementing materials 
‘should be equal to that of the bricks used. 

In the following paragraphs some of the more important 
facts concerning the various grades of refractories are collected. 

Clay Refractories —The greatest heat resistance is shown 
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by the purest clays, approaching the kaolin composition which 
corresponds to a composition of 53.8 per cent silica and 46.2 
per cent alumina in the dehydrated state. Any increase in silica 
reduces the refractoriness, reaching a minimum point about 80 
per cent silica and 20 per cent anhydrous kaolin. The soften- 
ing temperature of the pure clay substance is about 1740° C. and 
that of the kaolin-silica minimum 1600°. The fluxes, comprising 
the basic oxide and titanium oxide, lower the refractoriness 
very rapidly. Doctor Ludwig, in determining the softening 


TABLE I. 
Softening Temperatures, 
deg. Cent. 
Cone No. Formula of Silicate Mixture. 

Given by From corrected 

Makers. data, by Kanolt. 
7.2 AlOs. 72 SiOs 1580 1600 
0:7 Cao } 20 AlzOs . 200 SiOz 1610 1620 
. 10 SiOz 1630 1635 
AlOs . 8 SiOz 1650 1650 
AlsOs . 6 SiOz 1670 1670 
AlOs. 5 SiO: 1690 1685 
Al:Os. 4 SiOz 1710 1705 
AlOs. 3 SiOs 1730 1720 
2.5 SiOz 1750 1740 
AlzOs . 2 SiOz 1770 1755 


temperatures of a large number of German fire clays, correlated 
these with the chemical composition as represented by the 
formula aRO-Al,O;‘bSiO.. These results are presented in the 
diagram of Fig. 3. 

For the sake of correlating the cone numbers with the 
approximate fusion temperatures, Table I is given for Nos. 26 
to 35, inclusive. 

From the isothermal lines of Ludwig’s diagram it is observed 
that the effect of the fluxes becomes more potent as the pro- 
portion of silica increases. The results, however, cannot be 
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applied directly without keeping in mind the fact that the lack 
of physical homogeneity will tend to displace the softening 
temperatures to a greater or less extent. 

Doctor Kanolt! in his careful investigation of the melting 
point of American fire brick found this temperature to vary be- 
tween 1555° and 1725° C. The mean of the melting points of 41 
samples of fire clay bricks was 1649° C. From the experience 
gained in the testing of many brands of fire brick it would seem 
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Fic. 4.—Diagram Correlating the Content of Fluxes 
and of Silica in Fire Brick with the Load-Test 
Behavior. 


that no material of this kind may be called of good grade unless 
it shows a softening temperature above 1670° C. 

The behavior of these bricks under load conditions (50 Ib. 
per sq. in. at 1350° C.), correlated with the chemical composi- 
tion is shown in the diagram of Fig. 4. Failure was considered 
to have taken place when the specimens showed marked deforma- 
tion or contracted more than 1 in., referred to the standard 


1 Technologic Bulletin No. 10, Bureau of Standards, 
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length of 9 in. It was found that a content of more than 0.22 
equivalent of fluxes is apt to result in failure in the load test 
with a silica content varying up to 1A1,03°3SiO2. With a higher 
content of silica the permissible RO decreases. Thus with 
4.4 molecular equivalents of silica an RO content of 0.17 may 
bring about failure. . 

Other properties, such as the resistance to sudden heating 
and cooling, must necessarily depend to a large extent upon the 
physical structure and very little data are availabie for the dis- 
cussion of this topic. 

The thermal coefficient of expansion of the various fire 
clay refractcries likewise has not been studied in any extensive 
way and the constants available are meager and to some degree 
unreliable. 

The heat conductivity of these products has received more 
attention and the best-known work referring to this point is that 
of Wologdine, who found this constant to vary from 0.0025 to 
0.0045, referred to gram-calories per square centimeter and 
through a thickness of 1 cm. for a temperature difference of 1° C. 
Generalizing, it may be said that the thermal conductivity 
varies inversely as the porosity. 

The specific heat of raw fire clay was found by Knote! to 
be 0.237 and of the burnt clay 0.200. No information is avail- 
able as regards the variation of this constant for different clays 
and bodies with temperature. 

Since it should be the invariable rule to burn all refractories 
to as high a temperature as possible in the kilns, the contraction 
upon refiring to, say, 1350° C., should be as small as possible and 
should in no case exceed 1 per cent for high-grade clay refrac- 
tories. 

Silica Refractories—According to Doctor Kanolt the de- 
formation point of pure silica is 1750° C., while that of silica brick 
was found to be about 1700°. The great value of these products 
in their industrial use is due to the rigidity of structure at per- 
missible furnace temperatures. The decrease in viscosity does 
not take place over such a long interval as in clay and hence 
softening under load conditions is not so much to be feared. 


1 Transactions, Am. Ceramic Soc., Vol. 14, p. 395. 
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Failure takes place close to the softening temperature of the 
material. Silica brick, however, are more subject to spalling 
due to sudden temperature changes and cannot resist mechanical 
abrasion as well. 

The most significant phenomenon connected with the use of 
silica bricks is their expansion upon further heating due to 
molecular changes, the formation of cristobalite, tridymite and 
glassy matrix. The mechanism of these transformations is not 
yet understood fully, nor the effect of the initial crystalline state 
upon the subsequent volume changes. Upon calcining silica 
rock repeatedly, great variations are found in regard to the 
expansion of the material; in some cases the maximum increase 
in volume is obtained after the first heating, while in others each 
subsequent firing causes persistently a steady increase. Cramer! 
in refiring silica bricks of various brands in the porcelain kiln 
found that most brands ceased to expand after the third firing. 

Some discrepancy of opinion exists also in regard to the 
difference in behavior between silica brick containing clay or 
lime as a binder. The general preference at the present time 
seems to be for the latter, at least as far as American practice 
is concerned. Chemical analysis is useful in estimating the 
impurities of silica brick, principally lime and iron. 

In testing silica brick under load conditions, 50 Ib. per sq. 
in., at the Pittsburgh Laboratory of the Bureau of Standards, no 
deformation or contraction was noted at 1350° C. nor at 1470° C., 
thus illustrating the excellent standing-up quality of this 
material. The thermal conductivity of silica brick was found 
by Wologdine to vary from 0.0020 to 0.0031. 

Magnesite Refractories —These products, manufactured by 
calcining the crude mineral to a high temperature, crushing, 
briquetting and firing the resulting shapes at as high a heat as 
possible, in the nature of the case, are basic and very refractory. 
Kanolt found the melting point of magnesite brick to be 2165° C. 
Like silica bricks, these refractories are sensitive to temperature 
changes and cannot resist mechanical abrasion very satisfac- 
torily. For many purposes the magnesite products are indis- 
pensable. When properly calcined and burned, very little 


1 Handbuch der gesammten Tonwarenindustrie, p. 895. 
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shrinkage is found to take place in use. Pure magnesite is not 
desirable for this purpose owing to the difficulty in producing 
products of constant volume, and a certain amount of iron 
oxide, silica and alumina seems necessary for this purpose. The 
most desirable compositions for the various purposes have not 
been worked out. The manufacturer is to a large extent depend- 
ent upon the composition of the raw material and chemical 
control is difficult under the circumstances. 

In the load test (50 lb. per sq. in.) a magnesite brick was 
found to fail rather suddenly at 1550° C. It seems then that 
initial softening must take place at this temperature. Fused 
magnesia is at the present time being introduced as a special 
refractory for certain purposes. The thermal conductivity of 
magnesite products is considerably higher than that of the other 
refractories under discussion. Wologdine gives values varying 
from 0.0058 to 0.0071. 

Alumina Refractories—Pure alumina melts at 2010° C. 
(Kanolt). Refractories of this type, being made usually of a 
mixture of bauxite and fire clay, for this reason must fuse at 
considerably lower temperatures. Kanolt found the melting 
point of such products to vary from 1565° to 1760° C. This 
indicates no appreciable gain in refractoriness over the best fire- 
clay materials. Bauxite was found by this investigator to fuse 
at 1820° C. and bauxite clay at 1795° C. The thermal conduc- 
tivity was found to be, according to Wologdine, about 0.0032. 

The addition of alumina to fire clay increases the refractori- 
ness of the latter. Upon continuing the increase in alumina the 
fusion temperature of sillimanite (Al,O;3-SiO.) is reached, 1810° C., 
and finally the melting point of alumina, about 2010° C., modi- 
fied, of course, by the presence of fluxes like iron oxide, lime, 
magnesia and the alkalies. 

One objection to bauxite brick has been the continued 
shrinking of the material, caused by insufficient calcination 
of the bauxite. Of late bauxite or alumina fused in the electric 
furnace has been applied in this connection in the manufacture 
of high-grade special refractories. The coefficient of expan- 
sion of a fused alumina (alundum) body, between 100° and 
900° C., was found! to be 866 X 107°. 


1 Transactions, Am. Ceramic Soc., Vol. 14, p. 477. 
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SPECIFICATIONS. 


Some attempts have been made to work out specifications 
governing clay and siliceous refractories. In the following 
paragraphs two sets of tentative specifications are quoted, (a) 
those proposed by the English Institute of Gas Engineers, and 
(b) requirements suggested by the Bureau of Standards. 


(a) SPECIFICATIONS PROPOSED BY THE ENGLISH INSTITUTE OF 
GAS ENGINEERS. 


It is understood that this specification applies generally to 
material made from fire clay containing approximately not 
more than 75 per cent silica. It is known, however, that there 
are in certain areas fire clays containing as much as 80 per cent 
silica, and material made from such clays shall be considered 
to conform to this specification if it passes the test herein specified. 

1. Refractoriness—Two grades of material are covered by 
the specification: (a) Material which shows no sign of fusion 
when heated to a temperature of not less than Seger cone No. 
30 (about 1670° C.); (6) material which shows no sign of fusion 
when heated to a temperature of not less than Seger cone No. 26. 
The test shall be carried out in an oxidizing atmosphere, the 
temperature of the furnace being increased at the rate of about 
50° C. per five minutes. 

2. Chemical Analysis—A complete chemical analysis of 
the material is to be provided when required. 

3. Surface and Texture-——The material shall be evenly 
burnt throughout and the texture regular, containing no holes 
or flaws. All surfaces shall be reasonably true and free from 
flaws or winding. 

4. Contraction or Expansion.—A test piece when heated to 
a temperature of Seger cone No. 12 for two hours shall not show 
more than the following linear contraction or expansion: No. 1 
grade, 0.75 per cent; No. 2 grade, 1 per cent. 

The test piece shall be 5 or 6 cm. long, the ends being ground 
flat and the contraction measured by means of vernier calipers 
reading to 0.1 mm., a suitable mark being made on the test piece 
so that the calipers may be placed in the same position before 
and after firing. 

5. Variation from Measurements.—In the case of ordinary 
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bricks, 9 by 43 by 3 or 2} in. thick, there shall not be more than 
1.5 per cent variation, plus or minus, in width or thickness, and 
in all cases the bricks shall work out their own bond, with not 
more than 4-in. allowance for joint. In the case of special 
bricks, blocks, or tiles, there shall not be more than 2 per cent 
variation, plus or minus, from any of the specified dimensions. 

6. Crushing Strength—The material shall be capable of 
withstanding a crushing strain of not less than 1800 Ib. per sq. in. 


(b) SPECIFICATIONS SUGGESTED BY THE BUREAU OF STANDARDS. 


In this connection the No. 1 clay refractories are divided 
into two classes, A and B. The first includes those materials 
for which both refractoriness and load-carrying ability are 
required; the second those where refractoriness is demanded 
but compressive strength at furnace temperatures is not a main 
requisite. ‘The No. 2 clays are supposed to include those pro- 
ducts which are somewhat inferior to the high-grade refractories, 
but which nevertheless form an important class of products 
suitable for many uses. 

No. 1 A.—Materials of this class should show, when tested 
in the ordinary manner in the Deville or an electric furnace and 
heated at a rate so that the final temperature is obtained in 
not less than one hour, a softening temperature of not less than 
cone No. 31, approximately 1690° C. 

When subjected to the load test at 1350° C. and under a 
load of 50 lb. per sq. in.,a standard fire brick tested on end should 
show no serious deformation and should not be compressed more 
than 3 in., referred to the standard length of 9 in. 

When tested on end at atmospheric temperature, the com- 
pressive strength should not be less than 1000 Ib. per sq. in. 

The product in its manufacture should not be fired to a 
temperature lower than that corresponding to cone No. 12, or 
approximately 1350° C. 

Upon chemical analysis the empirical formula calculated 
from the composition should show a total RO content of not 
more than 0.22 molecular equivalent, including the iron oxide 
as FeO. 

No. 1 B.—The average softening point of this class of 
products should correspond to a temperature of not less than 
cone No. 31, about 1690° C. 
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In the load test it should show no serious deformation or a 
contraction of more than 34 in., referred to the standard length 
of 9 in., at a temperature of 1350° C. and a load of 30 Ib. per 
sq. in. 

When tested for compressive strength, on end, at atmos- 
pheric temperature, the crushing strength shall not be less than 
800 Ib. per sq. in. 

The product shall not have been fired to a maximum tem- 
perature lower than that represented by cone No. 10, about 
1300° C. 

The chemical formula calculated from the analysis should 
show a content of RO fluxes of not more than 0.22 equivalent. 

One important point has been left unconsidered in these 
specifications, namely, the question of shrinkage or expansion 
upon heating fire bricks to higher temperatures. It was thought 
that the data at hand were insufficient to suggest any require- 
ments. 

No. 2.—The softening point of this class of refractories 
should not be lower than the temperature corresponding to 
cone No. 28, approximately 1630° C. 

In the load test the materials of this classification should be 
able to carry a load of 25 Ib. per sq. in. at 1300° C. without 
serious deformation or a contraction greater than 4 in., referred 
to the standard length of 9 in. 

The chemical formula, as calculated from the analysis, 
should not show a content of more than 0.32 equivalent of 
fluxes. 

It is seen from these requirements that the limits drawn are 
closer than those gerrally considered for No. 2 fire clays. How- 
ever, it is believed that with these restrictions this class of 
refractories would become more generally useful in industrial 
application. 
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RELATION BETWEEN THE TESTS FOR THE WEAR- 
ING QUALITIES OF ROAD-BUILDING ROCKS. 


By L. W. PAGE. 


It is generally accepted that the rock in a macadam road 
is subjected to the influence of three main classes of destructive 
agencies, and these are mechanical, physical and chemical. 
Thus the mechanical action of traffic grinds up the rock to pow- 
der, which is partially disseminated through the physical agen- 
cies, wind andrain. In addition, acids contained in the surface 
water tend to dissolve out the more solvent mineral constituents, 
thus aiding in the destruction. Then, too, the expansive action 
of frost is no inconsiderable factor in the disintegration of the 
wearing surface. 

Of the destroying influences, however, the mechanical 
action of traffic is most severe, and this is a two-fold action. 
The impact of horses’ shoes and wagon wheels fractures the 
rock, while at the same time it is worn away through abrasion, 
and, in order to resist rapid destruction, it must possess the 
properties of hardness and toughness. The hardness of a rock 
measures its resistance to the displacement of its surface par- 
ticles by friction, while the toughness is a measure of its resist- 
ance to fracture through impact. These two primary requisite 
qualities are tested in the laboratory of*the Office of Public 
Roads by means of the Dorry hardness test and the impact 
test for toughness. In addition to these, a third test is employed, 
namely, the Deval abrasion test. The impact test and the 
abrasion test have both been adopted by this Society. 

The Dorry hardness test is performed on a core of solid 
rock, 25 mm. in diameter, which is held against a revolving cast- 
steel disk under a pressure of 250 g. per sq. cm. (See Fig. 1.) 
Standard crushed quartz, sized between 30 and 40-mesh screens, 
is fed upon the revolving disk. The specimen with its containing 
device is weighed before the test and again after the cast-steel 
disk has turned through 1000 revolutions. The loss in weight 
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is an index of the hardness of the specimen, and in order to make 
the results approximate those of the Deval abrasion test, the 
hardness coefficient is calculated by subtracting one-third of 
the loss in weight from the constant, 20. 

The impact test is made on carefully prepared cylinders, 
25 mm. high and 25 mm. in diameter, cut from the solid rock. 


Fic. 1—Dorry Hardness Machine. 


A weight of 2 kg. is allowed to fall upon a spherical-ended plunger 
weighing 1 kg., resting in contact with the specimen. The 
height of the first blow is 1 cm. and each successive blow there- 
after is increased in height by 1 cm. until the specimen rup- 
tures. (See Fig. 2.) 
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The Deval abrasion machine (see Fig. 3) consists of cylinders 
20 cm. in diameter by 34 cm. long, mounted at an angle of 30 
degrees with the horizontal. The specimen consists of as nearly 
as possible 50 pieces of broken rock weighing 5 kg. After re- 
volving the cylinders 10,000 times, the amount of material finer 
than }; in. is obtained and the percentage of wear is calculated 


Fic. 2.—Page Impact Machine. 


on this basis. The French coefficient of wear is likewise used in 
reporting results and is calculated by dividing 40 by the per- 
centage of wear. 

Since the road-material testing laboratory was established 
in the United States Department of Agriculture in 1900, several 
thousands of tests have been made on samples of rock sub- 
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mitted from various parts of this country and from foreign 
countries, and the test records furnish abundant opportunity 
for comparing the wearing qualities of different kinds of rocks 
with one another, and for determining the relative values of 
the several tests for estimating the wearing values of road- 
building materials. 


RELATION BETWEEN THE DorrRY HARDNESS TEST AND THE 
AuTHOR’S STANDARD Impact TEST. 


The relation between the qualities of hardness and tough- 
ness is best seen by reference to Fig. 4, on which are plotted 


iat 


Fic. 3.—Deval Abrasion Machine. 


the results obtained from the tests of 1538 samples of different 
kinds of rocks. The Dorry hardness coefficients are plotted as 
ordinates and the values for toughness as abscissas. The 
results are plotted using all of the tests performed up to January 
1, 1911. The individual results for hardness are averaged for 
the different values of toughness and the averages are shown 
in large circles, which are the gravity centers of the small circles. 
The solid line very closely approaches the points marked by 
the large circles. 

Reference to the plotted points will show a very definite 
relationship between the properties of hardness and toughness. 
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It will be seen that as the toughness of a rock increases the 
hardness likewise increases, with the increase in hardness occur- 
ring at a rapid rate for low values of toughness and very slowly 
for the higher values of toughness. When the toughness is low, 
a very considerable deviation of the individual from the average 
hardness results will be noted. On the other hand, when the 
toughness is high, the individual results for hardness more nearly 
approximate the average results. A very important fact to be 
noticed is that when the toughness is high, the hardness is 
invariably quite high. On the other hand, when the toughness 
is low, the hardness may be either high or low. It would seem, 
then, that although high hardness invariably accompanies high 
toughness, high toughness does not necessarily accompany high 
hardness. Another important point to be noticed is the fact 
that when a rock has an average value for toughness, its hard- 
ness is likely to be of average value or at least it will not be 
of unduly low magnitude. From a consideration of these facts, 
it is apparent that a toughness test might be used for a quick 
determination of the road-building qualities of a rock to the 
exclusion of the hardness test, although the reverse is not true, 
since it is possible for a rock to have very high hardness and 
at the same time be of extremely low toughness. 

The relation between average hardness and toughness may 
be expressed mathematically as follows: 


(Hardness — 20)? X (Toughness — 2.2) = 100 
or 
10 


=20— 
(Toughness — 2.2)3 


This equation expresses quite accurately the relation 
between the average values for hardness and toughness, but 
for low values of toughness it has no usefulness because of the 
wide deviation of the individual from the average results. 
However, for high toughness values, the hardness of a rock 
may be calculated with reasonable certainty, knowing the 
toughness. The assumption that a rock having infinite tough- 
ness will have the highest possible hardness coefficient (20) 
was used in deriving the above equation. This seems to be 
a reasonable assumption in view of the tendency of the hard- 
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ness to increase with increasing toughness. The equation was 
likewise made to satisfy the average ordinates on the curve. 


RELATION BETWEEN THE DEVAL ABRASION TEST AND THE 
AUTHOR’S STANDARD Impact TEST. 


The relation between percentage of wear and toughness 
is plotted in Fig. 5, with the percentages of wear plotted as 
ordinates and the toughness values as abscissas. As in the 
previous curve, the ordinates are averaged, and the average 
values are plotted in large circles. In general, it will be noticed 
that the percentage of wear decreases as the toughness increases, 
at a rapid rate for low values of toughness, and slowly for high 
values of toughness. The relation between the average values 
of hardness and toughness may be expressed as follows: 


(Percentage of Wear)? x Toughness = 158. 


The individual results for percentage of wear deviate con- 
siderably from the average results for low values of toughness. 
For high values, however, the deviation is not so serious. A 
rock with high toughness almost always has low values for 
percentage of wear, whereas a rock of low toughness may be 
either high or low in percentage of wear. The above relation, 
therefore, might be used to estimate approximately the per- 
centage of wear of a rock when the value of the toughness is 
known, provided the toughness is high. It is impossible, how- 
ever, to calculate the toughness when the percentage of wear 
is known. This equation was derived under the assumption 
that a rock of infinite toughness would have zero for a percent- 
age of wear, and that a rock of zero toughness would have a 
high percentage of wear. At the same time the equation was 
made to satisfy the average of the plotted points. 


RELATION BETWEEN THE DEVAL ABRASION TEST AND THE 
Dorry HARDNESS TEST. 


The relation between the percentage of wear and hardness 
is shown graphically in Fig. 6. It was not considered that a 
curve of averages would indicate anything of value in view of 
the wide distribution of the individual results over the plot. 
A solid line was therefore not drawn through the various points. 
When the relations already given between hardness and tough- 


4 
as 
| 
4 
A 


991 


PAGE ON Rocks. 


oz 


ssoupsoy 
Li ol + | it or + 
4 
| 
4 $3 
4 
oD 
id > o> 
oP 


494 


: 
: 
CEES | 
| 
| 
‘ 
RE! 
A 
3 
| 
| 
| 
| 
| 
o co wo 
ive 


992 PAGE ON RoOAD-BUILDING ROCKs. 


ness and the percentage of wear and toughness are combined, 
there results a relation between percentage of wear and hard- 
ness expressed as follows: 


(6320 X Hardness) — 63200 — (158 X Hardness?) 4 


of Were 
(88 X Hardness) — 980 — (2.2 Hardness?) 


This equation expresses quite accurately the relation between 
the average values for percentage of wear and hardness, but 
it can be of no practical value in view of the wide deviation of 
the individual results from the average results. The relation 
between percentage of wear and hardness does not seem to be 
as definite as the relations between the percentage of wear and 
toughness, and hardness and toughness. 

A few curves for some of the typical road-building rocks are 
shown in Fig. 7, PlateXX. These curves are of principal interest 
in showing the wide deviation that exists in the physical prop- 
erties of rocks of the same variety. It will be seen that the 
limestones show the widest deviation from the average curves. 
Granites are characterized by extremely high hardness with 
either high or low toughness, while the basalts are hard when 
the toughness is high and are either hard or soft when the 
toughness is low. 

The above relations, particularly that shown by Fig. 4, 
seem to indicate that when the toughness of a rock is known, 
the hardness test is one that might well be omitted, since high 
hardness in the rocks ordinarily used for road building accom- 
panies high toughness. The wearing qualities of a rock might 
be determined very definitely either by means of the toughness 
test or with the Deval abrasion test. The toughness test, in 
view of the small sample required, is perhaps a cheaper test 
to perform than the abrasion test. The abrasion test has the 
somewhat doubtful advantage of requiring the use of larger 
and better-averaged samples than the toughness test, although 
even this advantage may be offset by using a sufficient number 
of specimens in testing toughness. Judging from the foregoing 
considerations it is the writer’s opinion that the prime quality 
to be determined in a road-building rock is that of toughness. 
The resistance to wear might also be obtained as very useful 
information, whereas the hardness test is of least value and 
might be omitted. 
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DISCUSSION. 


Mr. JAMES OwEN.—There is one point relative to the wear Mr. Owen. 


of stone roads of different characters which is due to the nature 
of the fracture of the stone in going through the cracker. A 
hard stone that breaks off in flakes will stand less wear than 
a stone of softer texture that will break into cubical form. In 
the writer’s experience all flaky stone, if possible, has been 
rejected, and cubical stone used where it was convenient, the 
result showing that such a specification for stone should be 
a strong factor to be considered in the construction of roads, 
although it would be rather difficult to make such a laboratory 
test for fracture. 

Another point is arising on which, so far, road builders 
have not agreed, and that is in the relation between the char- 
acter of the stone, in the prevalent use of bitumen, and the 
character of the bitumen. The power of the bitumen will vary 
with the texture of the stone with the somewhat curious result 
that the softer the stone the better the bond. 

Here arises a third point to be noted, which is that in the 
use of the close-grouted granite pavement it has been shown 
that the softer the stone the better the bond of the cement; 
consequently a better wearing pavement is obtained with a soft 
granite than with a hard granite. 

Mr. L. W. Pace.—In reply to Mr. Owen, I might say that 
the question of the fracture or cleavage of the stone is most 
important. This is generally most pronounced in crystalline 
rocks containing mica, and is due to lateral pressure arranging 
the mica plates all parallel. This is very important. 

In regard to the adhesion of bituminous binders to rocks, 
there has been a good deal of dispute as to whether they adhere 
best to limestones or to the harder rocks of the trap varieties. 
It is very hard to get any definite evidence on this point. Take, 
for instance, manufacturers of asphalt paving blocks: most of 
them have found that it is best to use the trap rock if they 
want good resistance to wear and get a binder that will hold 
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the trap rock together. It is harder and tougher than the 
others, and will give longer resistance to wear. 

Mr. C. W. Boynton.—I am not convinced that the results 
shown by the tests given in this paper will apply to all the 
types of pavement admitting the use of broken stone as an 
aggregate. I believe that rocks held together by a permanent 
binder will behave differently from those held together by an 
oil or water binder. This conclusion is based upon the results 
of tests which I have made using the “paving determinator”’ 
upon test sections of Portland-cement concrete pavement. 
This machine which I used in performing these tests upon sec- 
tions of various classes of pavements, unquestionably accom- 
plishes results more nearly approaching those obtained from 
natural conditions or agencies than any of the testing methods 
used before its advent. The experiments referred to showed 
that granites, which are rocks usually characterized by high 
hardness and brittleness, possess the best wearing qualities of 
any aggregates, where Portland cement is used as a binder. 
Therefore, my deduction is that hardness rather than tough- 
ness is the factor exerting the greater influence upon the wear- 
ing qualities of this type of pavement. The conclusion seems 
to follow that Mr. Page’s remarks cannot be applied to rocks 
utilized in all kinds of pavement admitting the use of broken 
stone. 

Mr. Pace.—I do not believe that Mr. Boynton is right in 
his assumption that extremely hard rock will give better resist- 
ance to wear when held by a Portland-cement binder. It seems 
to me reasonable to suppose that a semi-plastic bituminous 
binder will absorb the shocks delivered on a fragment of stone 
by a blow much better than a rigid, highly elastic cement 
binder, and it has been my experience—I have sections of 
Portland-cement concrete road laid with a variety of rocks— 
that wherever a blow strikes a piece of quartzite, for instance, 
it generally shivers it. If it is shivered, a cement binder readily 
releases the broken fragments; whereas a bituminous binder 
rather tends to mash and retain it. I think we will find that 
the same rule applies to all binders, that if they hold the rock 
in place, the hardest and toughest rock is going to give the 
longest resistance to wear. 
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Mr. E. S. LARNED.—-I should like to ascertain Mr. Page’s 
views in regard to the form and size of particles of the coarse 
aggregate used in concrete road construction, as to how these 
might affect the value of pavement. For instance, consider 
stones that sliver or splinter, stones that break into cubical 
form, or the round stones of gravel formation, irrespective of 
their texture or coefficient of hardness or toughness. 

Mr. Pace.—I do not think that is a very serious phase of 
the subject, although if you put crushed quartzite in a road, 
it does not make any difference what the binder is, it is much 
more liable to fracture on account of its angularity than if 
you were to put quartz pebbles in. If you put rounded quartz 
gravel in a road and a blow is struck on a single pebble, the 
impact is distributed much more generally to the binder and is 
much less likely to fracture the pebble than if a blow is delivered 
on an angular fragment. 

Mr. LARNED.—That answers my question in a measure, 
but I had in view not so much the question of injury to a given 
particle in the binder, as that of the integrity of the concrete 
as a whole. How will the bond and strength throughout the 
thickness of the pavement be affected by the size, form and 
surface character of the coarse aggregate? 

Mr. PaGE.—Are you referring now to a Portland-cement 
binder? 

Mr. LARNED.—Yes; a Portland-cement binder. 

Mr. Pace.—I may say that we have found in the sections 
of concrete pavement we have laid, that the broken stone 
aggregates show very much less cracking due to contraction 
with exactly the same mixture and about the same density, 
than do the gravel aggregate concretes. But the pavements 
that we have laid have not yet been down long enough to judge 
what the ultimate result is going to be. I think, however, that 
we shall find that the trap rocks offer the highest resistance 
to wear. 


Mr. Larned. 


Mr. Page. 
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LARGE-CAPACITY TESTING MACHINES IN 
UNITED STATES AND ENGLAND. 


By E. L. Lasier. 


Three of the large testing machines of this country have 
previously been described in detail in the Proceedings of this 
Society. This paper is not intended to be an extensive descrip- 
tion of any such machines. It is intended rather to be a com- 
pilation of large testing machines having not only large 
capacity for the load capable of being exerted, but also having 


® the capability of being able to accommodate large-size speci- 
fe: mens, and not merely test bars of limited dimensions. 
Be As machines of 500,000-Ib. capacity or under are more or 
wat less common, the compilation herein given involves only test- 
ia ing machines of 600,000-lb. capacity or greater. 
‘ge A list of machines of 600,000-lb. capacity or larger is given 
ee in Table I, together with a brief description of each machine, 
a) as far as is possible so to do in such a tabular form. From a 
Na perusal of the list in Table I, the following brief summary may 
ae be drawn: 
e 23 machines of 600,000 Ib. or larger: 


20 machines in the United States and 3 in England. 
10 machines of 1,000,000 lb. or more, all in the United 
States: 
3 hydraulic-power, mercury-gage weighing system. 
3 hydraulic-power, pressure-gage weighing system. 
2 hydraulic-power, Emery scale weighing system. 
5 hydraulic-power, balance-beam weighing system. 
10 screw-power, balance-beam weighing system. 
18 machines accommodating both tension and compression 
specimens: 
4 machines for compression only. 
1 machine for tension only. 


Some of the principal and largest testing machines are shown 
in Figs. 1 to 8 inclusive. 


(996) 


. 
ut 
j 
‘ 
he 


997 


oO 
Z 
n 
oO 
Z 
n 
< 


L061 
8061 


6061 
606! 


peystuguy 


6061 
6061 
9881 


so6l 


weog 
weg 


wveg 
souvleg 


weog oouvleg 


oourleg 
weog sourleg 
weog oourleg 
weg sourleg 
souvleg 


apeog 


souvleg 
dInssoig 


sourleg 
aden 


souvleg 


MAING 
MOINS 
Ty 
olneipAy 


orneipAyy 
olneipAy 


A 
A 


A 
A, 
| 
A, 


A 


| > 


‘eg 2. ze 2. [999g passoig 
‘eg ‘ysing 
“Sig “OD WIM 
“STM ‘ ‘UISUOOSI JO 
eg ‘eryd 
jo 
A‘'N 
**puelsuq ‘od enysof 
ed 
ynog YBrye’T 


‘seupunog 

eg ‘eiydye 

é 

jo heoing 

‘AOLL 
d 


‘uo 


‘uo 
* 


“‘spaepurag jo 


eg ‘aspiuqury ‘od uvoloury 


‘eg ‘sprepueys jo neoing 


jo 


| 


‘uauttoadg 


| 

| 

| 
jo 


*adAy 
‘Aqoedeg 


GNV SALVIG GALINQ AHL NI 


SUNIHOVJT ONILSAY, 


J, 


| 
| 
=| 
| 
29 § § §* an aon an 
= 
| 
4 
| | 
| 
| 
| 
| | : : $2 22222 23 | : 
2888. » of 88 
| 
i) 
| 
|| ; 
| 
| 
| mer 
| 
i 
| ee 
{ 
| 
| | 
}. | 
| | 
| | 
| 
tn, 


ag 


998 LASIER ON LARGE-CAPACITY TESTING MACHINES. 


_Fig. 1 shows the largest testing machine in the world,— 
the 10,000,000-lb. machine of the Bureau of Standards at its 
laboratories in Pittsburgh, Pa. A brick pier 4 by 4 ft. square 
is shown in position and under test. This machine has attracted 
wide attention and has been described in several previous 


i 


Fic. 1.—10,000,000-lb. Testing Machine, Bureau of Standards. 


articles. It consists of a base casting carrying a large hydraulic 
cylinder and moving head, adjusted by means of nuts acting 
on the four main screws. Loads are applied by means of a 
hydraulic pump forcing liquid into the main cylinder in the base 
of the testing machine and weighing the same by means of a 
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system of levers which are actuated by the piston of the smaller 
hydraulic cylinder in communication with the larger one in the 
base of the machine. 

Fig. 2 shows the Phoenixville press, next to the oldest of 
the large testing machines, the famous one at the Watertown 
Arsenal ranking as the oldest. It is likewise a hydraulic 
machine, the pressure being measured by a mercury gage, instead 
of by a balance beam, pressure gage or Emery scale. The 
photograph shows a built-up column placed between the com- 
pression blocks. 


Fic. 2.—Pheenixville Press. 


Fig. 3 shows the large Emery testing machine at the Bureau 
of Standards in Washington. This machine should unques- 
tionably be ranked as the largest precision testing machine 
in the world, having a sensibility of one part in 10,000 from 
zero to full load, and at no point is in error more than two 
pounds. 

Fig. 4 shows the 1,000,000-lb. machines for compression 
only, at the Bureau of Standards, Washington, D. C., the Depart- 
ment of Public Works, Philadelphia, Pa., and the Rensselaer 
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Fic. 3.—Emery Testing Machine, Bureau of Standards. 


Fic. 4.—Compression Machines, 1,000,000-lb. Capacity. 
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Polytechnic Institute, Troy, N. Y. The loads in this machine 
are weighed by means of a system of pressure gages of increas- 
ing capacities, so that each successively higher range gage may 
be thrown into play when the preceding lower range has been 
exceeded. 

The 1,000,000-Ib. testing machines at present being built 
for the Pennsylvania Railroad Co. at Altoona, Pa., and the Amer- 
ican Steel Foundries at Alliance, Ohio, will be lever machines 


Fic. 5.—Emery Testing Machine, Watertown Arsenal. 


and will be the largest screw-power testing machines in the 
world. 

Fig. 5 shows the Emery testing machine at the Watertown 
Arsenal, which was the standard large testing machine for so 
long and has done such excellent work in tests upon full-size 
members. 

Fig. 6 shows the 800,000-Ib. machine in the Fritz Engineer- 
ing Laboratory of Lehigh University. The photograph shows a 
reinforced concrete column 15 in. in diameter and 20 ft. long 
in place ready for testing. 
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Figs. 7 and 8 show the apparently only large testing 
machines in England. Fig. 7 is a machine of the Joshua Buck- 
ton Co. Fig. 8 is the testing machine used in the Birmingham 
University. It is interesting to note that in both of these 


Fic. 6.—Lehigh University, 800,000-Ib. Testing Machine. 


machines, facilities are afforded for making tests in deflection 
upon beams up to 20 ft. between supports for the Buckton 
machine, and 30 ft. for the Birmingham machine. The 
Buckton machine is also able to test specimens in torsion up 
to a moment of 300,000 in-lb., and can test in shear up to 
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its full capacity. The machine has a sensibility of within 
1/10,000 of its load up to 100 tons. 
The above compilation and brief description of the — 


Fic. 8.—Testing Machine, Birmingham University, England. 


testing machines in this country and in England has been given 
because of the increasing interest in, and importance of, tests 
upon structural members as they are actually used in service. 


| 
Fic. 7.—Testing Machine, Joshua Buckton Co., England. | ERS 
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SPHERICAL BEARINGS. 


By Mont SCHUYLER. 


The use of spherical bearings in the compression test is 
almost universal. This is particularly true in testing concrete 
and other friable .materials. Frequently in making tests on 
long columns the bearing is dispensed with, since structural 
members are generally considered as having fixed ends. The 
standard methods for testing adopted by the American Society 
for Testing Materials demand the use of a spherical bearing but 
make no mention at all of the details of the design. Professor 
Kirsch, of Vienna, at the Sixth Congress of the International 
Association for Testing Materials, called attention to several 
of the questionable points arising in the use of spherical bear- 
ings and requested the appointment of a committee to more 
thoroughly examine these points. 

With the above in mind I felt that a partial discussion 
of at least some features of spherical bearings might be apropos 
at this time. The matter given below is mainly in connection 
with the experience of the Municipal Testing Laboratory of 
St. Louis in the use of these bearings. 

There are two different viewpoints from which the ques- 
tion may be considered. First, as a method of adjustment to 
correct any lack of parallelism which may exist between the 
two ends of a compression specimen; and second, as a means 
of allowing adjustment during the progress of testing so that 
in general the distribution of pressure may be uniform over 
the ends. From my personal observation I should judge that 
the first of these is generally considered to the exclusion of the 
second, although this is neither justified by @ priori considera- 
tion nor experimental data. Furthermore, it should be pointed 
out that even if the second condition is expected, that is, move- 
ment during the test, correct conditions are not obtained in 
most cases. That is to say, even though the bearing moves 
freely there is no assurance that the distribution of pressures 
is uniform, as will be pointed out later. 
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Parallelism is readily obtained by correctly grinding the 
ends, or preferably, in the case of cement products, by plaster- 
of-Paris caps; so that it probably is an injustice to subject a 
specimen to compression test upon a bearing which does not 
move freely throughout the period of stressing. The variables 
introduced through the plaster-of-Paris cap are indeterminate, 
it is true, but probably if correctly applied do not affect the 
strength to any marked degree, as has been shown frequently 
by comparative tests. As a general rule, however, plaster-of- 
Paris caps are not applied in a manner which will result in true 


(a) (6) 
Fic. 1.—Method of Capping with Plaster of Paris. 


- parallelism between the ends. Capping in the machine itself 
will accomplish this, but at considerable cost in time and 
patience. A very simple method has been developed in use 
with some success in the Municipal Testing Laboratory which 
it is thought fit to mention here in passing. 

This method, illustrated in Fig. 1, consists essentially in 
clamping the specimen in the mold in which it was cast, allow- 
ing a recess at one end into which the plaster-of-Paris paste is 
poured and leveled off by means of plate glass well oiled and 
pressed down until the excess plaster paste has been forced out 
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between the ends of the mold and the plate glass. By this 
means plaster caps of any desired thickness may be obtained, 
with the assurance, if the mold has been correctly made and 
trued up in the lathe, that the surface is perpendicular to the 
axis of the specimen. The operation may be repeated at the 
other end and a capped specimen secured, which is theoretically 
correct if the propriety of using plaster of Paris is granted. 
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Fic, 2.—Hemispherical Bearing. 


There are four general classes of spherical bearings. First, 
a hemisphere on the equatorial plane of which the specimen 
rests. The sphere itself touches the bed of the machine and 
is free to move in response to any lack of uniformity in the 
distribution of pressures, with very slight resistance beyond 
that introduced by the imperfect elasticity of the metal of the 
bearing and of the machine table. This design is faulty, due 
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to the fact that any movement tends to bend the specimen, 
as indicated in Fig. 2. 

The second design, that of the ball and socket, is faulty 
when the radius of the sphere is of such a length that its center 
lies in the body of the specimen. Due to the smallness of the 
turning moments introduced by lack of uniformity of modulus 
in the specimen, this bearing very seldom moves during the 
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QW HHH 
Fic. 3.—Long-Radius Bearing. 


progress of the test and, when this movement occurs, subjects 
the specimen to a bending moment as indicated in Fig. 3. A 
usual form of this bearing is shown in Fig. 4 (a; and az), which 
is a photograph of the first design used in the Municipal Test- 
ing Laboratory. It was provided with an axial hole through 
which the bar of a “pull-out” test for bond value could project. . 

The third design is that adopted as standard by this Society 
for the compression test of cement, shown in Fig. 5. It consists 
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of a ball of small radius set in two blocks, one resting against 
the head of the machine and the other being part of the bear- 
ing plate through which pressure is transmitted to the specimen. 
This suffers from faults of approximately the same order as 
those possessed by the bearing illustrated in Fig. 2. 

To avoid the bending which will be introduced by move- 


(a) (b;) 


(d2) (be) 


Fic. 4.—a; and a2, Long-Radius Ball-and-Socket Bearing. 
b, and b2, Correct-Radius Ball-and-Socket Bearing. 


ments of the bearing, it may be readily seen from an examina- 
tion of Fig. 6 that the center of the sphere must lie in the end 
surface of the specimen. ‘The turning tendency is here not so 
great as when a ball of small radius is used, but it is larger 
than when spherical bearing of long radius is employed. To 
offset this apparent disadvantage in comparing it with the short 
radius, it must be granted that no bending strains are intro- 
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duced into the specimen through its use, originally vertical 
fibers remaining vertical, and plane transverse sections of the 
specimen remaining in general planes. 

It should be mentioned here that theoretically two spherical 
bearings should be used. Allowing the total difference in 
deformation existing between two sides of a specimen to be 
taken up at one end, undoubtedly generates shear between 
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Fic. 5.—Short-Radius Bearing. 


axial elements which would not exist to so great an extent 
were bearings used to transmit the load from the machine at 
both points of application. 

The question of lubrication is one that is affected by the 
same factors considered above; that is, whether any movement 
is desired during the test determines whether a lubricant 
should be employed. If it is desired that movement be allowed 
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during progress of the test, the question of a lubricant assumes 
a formidable aspect. A light oil will not do, and I have found 
no straight heavy oil which seemed satisfactory for the purpose. 
The use of deflocculated graphite in dynamo oil has made 
possible extremely efficient lubrication. A lubricant of this 
nature does not seem to be forced out by even the highest 
pressures and after a test a well-ground bearing moves as freely 
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Fic. 6.—Correct-Radius Bearing. 


as it did before the test. By designing the bearing with a small 
oil ring as shown at A in Fig. 6, the excess oil is caught and 
the bearing thus has a method of partially relubricating itself 
from time to time; or the upper hemisphere may be raised 
slightly, allowing the oil to re-establish lubrication. 

If the bearing is loaded much beyond 10,000 Ib. per sq. in. 
of projected area it is extremely probable that movement, if it 
occurs at all, proceeds by jumps. By mounting the spherical 
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bearing as shown in Fig. 7, the oil in the hydraulic cylinder 
may be allowed to flow under pressure through the valve A 
into the spherical bearing and, furthermore, by partially reliev- 
ing the load in the bearing surfaces, make continuous lubri- 
cation more probable. 

Several stress-strain diagrams are shown (Figs. 8 to 10 
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Fic. 7.—Self-Lubricating Bearing. 


inclusive), which indicate that with the correct radius of 
bearing and proper lubrication movement actually does take 
place, and frequently in unexpected directions. By the employ- 
ment of a three-point rigging and Berry strain gages, as illus- 
trated in Figs. 11 and 12, the three dotted curves shown were 
obtained on various specimens, which curves show a decided 
departure from what is usually expected. An average of three 
curves, however, results in an extremely smooth and uniform 
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stress-strain diagram; and this would seem to establish the 
fact that the modulus, even in a small specimen 8 in. in diameter 
and 16 in. long, varies considerably from side to side, although 
the average obeys the generally accepted laws. 

Even with correct design of the usual spherical bearing 
one thing is not accomplished, and that is a distribution of 
pressures over the end surfaces so that each elemental area 
receives the same intensity of pressure as each other elemental 
area, Certainly, if the validity of the stress-strain diagrams 
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shown is accepted, it must be seen that the pressures must vary 
considerably from point to point; and if a hard plate is used 
through which to transmit the pressure, it is very probable 
that in certain extreme cases an area of but 25 per cent of the 
cross-section of the specimen must carry 75 per cent of the 
load. To avoid this we have designed a special bearing which 
accomplishes these three things: first, it provides a perfect 
substitute for the spherical bearing; second, it allows extension 
of the specimen transversely; and third, it distributes the pres- 
sures uniformly over the end. 

This bearing is illustrated in Fig. 13; the drawing itself 
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is explanatory and requires no comment. By means of this 
bearing we have obtained some rather unusual results. Fig. 14 
shows a photograph of a 3 by 4}-in. cylinder broken on this 
special bearing. It may be seen that this specimen has split 
into three parts, fracture taking place along planes passing 
through the approximate axis of the specimen. 

Only one of these bearings has been constructed and we 
have not had entire success with the diaphragms which have 
been used so far. At the present time we are experimenting 
with a diaphragm composed of a layer of sheet rubber protected 


Fic. 11. 


at its top with a thin sheet of rawhide leather. This combina- 
tion makes the rubber sheet last longer by preventing its burst- 
ing when the specimen fails, and furthermore avoids the shearing 
stresses generated in the small clearance between the specimen 
and the top retaining lip of the bearing. The compressive 
strength as recorded when this bearing is used does not depart 
radically from the strength developed in parallel specimens 
tested in the usual manner. 

We have attempted to analyze the distribution of hori- 
zontal stress generated in a specimen crushed between two 
bearings of this nature by the methods of the theory of least 
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work, but have not arrived at any satisfactory conclusion. At 
this time it seems probable that there is no bursting tendency 
and hence no shear generated by axial loads uniformly dis- 
tributed over the ends. 

It is therefore difficult to explain why the radial breaks 
occur when this bearing is used, but we have come to the con- 


Fie. 12. 


clusion that it is probably due to the fact that, as only one 
bearing has been employed so far, the splitting action is caused 
by the incipient cone which is formed on the top of the speci- 
men due to the constricting effect of a rigid bearing plate. This 
cone is similar in all respects to the cone found when a com- 
pression specimen is tested in the usual manner. 
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We do not feel at the present moment that, in spite of the 
avoidance of capping, it will prove possible to adapt this par- i 
ticular bearing to routine testing. The temporary nature of 


Plater upon which Specimen rests 


Rubber 
Diaphragm 


Aydraulic Sack 


Fic. 13.—Modified Diaphragm Bearing. 


the diaphragm would make it a troublesome and expensive 
bearing to keep up, and, though we have not dropped work 


Fic. 14. 


on this point, we feel that perhaps the apparatus has only a 
theoretically interesting aspect. It is possible, however, to use 
this design as a basis and to construct a rigid end plate bearing 
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which will replace the usual spherical bearing and avoid the 
many uncertainties inherent in this design. Fig. 15 shows the 
general scheme, the alteration consisting in the insertion on 
the rubber diaphragm of an accurately fitted disk which takes on 
its top surface the specimen and transmits the pressure through 
the water sack and the interposed rubber diaphragm to the 
machine. In this bearing the effects of long radii are practically 
eleminated and movement without friction is obtained. It is 
believed that this bearing will be extremely rigid, simple to keep 
up, and particularly desirable in delicate work. 


mM 


Specimen 


‘Diaphragm 
: Hydraulic Sack 
Fic. 15.—Elastic Diaphragm Bearing. 


SUMMARY. 


- It is the usual practice to use the spherical bearing when 
making tests in compression. The bearing may be used either 
to correct for lack of parallelism in the ends of the specimen or 
to allow an adjustment and equalization of pressures on planes 
perpendicular to the axis of loading during the progress of the 
test. In general it may be said that the first condition only 
is met. 

Even when movement during the test is expected and pro- 
vided for, the design of the usual spherical bearing is incorrect 
in that any movement of the bearing tends to induce a bending 
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moment in the specimen. This tendency is avoided by placing 
the specimen on the equatorial plane of the sphere of a ball- 
and-socket bearing. 

Even when this is done, however, there is no assurance 
that pressures are uniformly distributed over the ends. By 
the use of an elastic diaphragm which incloses a hydraulic 
sack and takes the pressure from the specimen on its top face, 
correct conditions are obtained. In addition, the use of a 
plaster-of-Paris cap is avoided and the effect of constricting the 
ends of the specimen, due to friction against the hard bearing 
plate, is eliminated. 

By the addition of a rigid disk to the above apparatus a 
theoretically perfect substitute for the usual spherical bearing 
is secured. A more serviceable bearing is perhaps obtained in 
this way, but capping is necessary and end friction still exists. 
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USE OF THE STRAIN GAGE IN THE TESTING 
OF MATERIALS. 


By W. A. SLATER AND H. F. Moore. 


At the 1910 meeting of the American Society for Testing 
Materials an extensometer of the form here termed “strain 
gage” was exhibited. The acquaintance of the writers with 
this form of extensometer dates from that time. Since then 
they have been identified with the application and adaptation of 
it to measurements of deformation in a large number of labora- 
tory and field tests and with the development of methods of 
determining and applying the necessary corrections to the 
observations. 

Before discussing the use of any one kind of extensometer, 
it may be well to classify the uses to which extensometers 
usually are put and to mention the characteristics of various 
types of extensometers. 

The use of an extensometer as considered here is always 
the measurement of the change in length in a certain predeter- 
mined portion of the material being tested. The purpose of its 
use may be to determine the properties of the material, or it 
may be to determine the amount of deformation in a certain 
structure under working conditions. An example of the former 
purpose is the determination of the modulus of elasticity, the 
limit of proportionality between stress and deformation, or the 
coefficient of expansion, of some particular kind of steel. An 
example of the latter use is the determination of the amount of 
deformation in an eyebar due to the load for which it was 
designed, or the measurement of the deformation in a given 
length of brick pavement, due to a change in temperature such 
as occurs in the place where the pavement is used. The two 
problems may be characterized as the determination of prop- 
erties of materials and the determination of the actual distri- 
bution of deformations. In laboratory tests either problem 
may be met. In field tests, as a rule, only the latter problem 
is undertaken. 

(1019) 
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The term “‘strain gage” as used here may be considered 
to mean any kind of an extensometer which during the course 
of a single test may be used to measure changes of length in 
various portions of the structure or specimen being tested. In 
distinction from this, the “fixed extensometer” may be taken 
to be an extensometer which is attached to the specimen or set 
in place before the test is begun and which must remain in place 
throughout the test, not being available for measurement at 
any other portion of the test specimen. Before discussing the 
strain gage, some of the characteristics of the fixed extensometer 
will be outlined. 

The field of the fixed extensometer is in general the determi- 
nation of average properties of materials by means of laboratory 
tests. For this purpose it has considerable advantage over the 
strain gage in that it may be so arranged as to give mechanically 
the average of a number of readings at various portions of the 
test piece. For instance, in determining the modulus of elasticity 
of a bar of steel in compression the extensometer may be so 
attached as to give as a single reading the average of the deforma- 
tions on opposite sides of the test piece. It has been shown that 
from the deformations thus measured the modulus of elasticity 
of the material may be determined with considerable accuracy, 
even though there may be eccentricity of loading and conse- 
quently a difference between deformations on the two sides. 
For comparison of moduli of elasticity of various materials 
then it would be possible in some casés to attach extensometers 
in the manner described above, and to take readings of average 
deformations very rapidly, while with the movable extensometer 
it would be necessary to obtain a larger number of readings and 
use the average. For instance, in the testing of a column 10 ft. 
long the fixed extensometer could be used to give as a single | 
reading the average of the deformations on both sides of the 
column over a gage length of 100 in. To obtain the same 
information by the use of the movable extensometer, it would 
be necessary to take, say 20 separate observations and use their 
average. 

The limitations of the fixed extensometer usually occur in 
the case where it is desired to find out not the properties of the 
material in the test specimen, but the actual distribution of the 
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deformations. These limitations are due to various causes, 
several of which are here discussed. 

1. In case measurements are required in a large number of 
places, the cost of fixed extensometers would be prohibitive. 
In the Laboratory of Applied Mechanics of the University of 
Illinois as many as three tests have been in progress at a time, 
in any one of which measurements were taken at from 50 to 
100 positions. The cost of fixed extensometers to equip such 
tests as these would be in the neighborhood of $3000 as a moder- 
ate estimate. Moreover, the difficulty, if not the impossibility, 
of attaching so many extensometers in such a way as not to 
interfere with each other would prohibit their use. The length 
of time required to prepare for such a test as this would be 
enormous. 

2. In tests of long duration, such as tests of large areas 
of a floor which require a considerable length of time for loading, 
it would be very difficult to prevent disturbance of instruments 
by persons not appreciating the requirements of great care, and 
it would be difficult to make temperature corrections. Slight 
drafts of air also frequently affect seriously the accuracy of 
readings obtained on fixed extensometers, depending, of course, 
on the form of extensometer used. 

3. Frequently it is difficult or impossible to attach an 
instrument to the specimen being tested. For instance, in the 
case of a reinforced concrete slab it is well-nigh impossible to 
attach an extensometer directly to the steel and only slightly 
less difficult to attach it to the concrete. When attached to 
the concrete, the formation of cracks frequently gives very 
misleading results. 

4. Most forms of attached extensometers measure change 
of length not in the extreme fiber of the member, but along a 
line at some distance from the surface, and in order to determine 
the extreme fiber deformation it is necessary to take measure- 
ments on opposite sides of the member. From these two 
measurements, the neutral axis may be located (assuming ‘‘con- 
servation of plane sections’’), and the deformation at the surface 
calculated. For this method of measurement the time required 
in preparation for an extensive test would be very great, and the 
reducing of the data would be complicated: the correctness 
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of measurement at any point would be dependent upon the 
correctness of the measurement on the opposite side, upon the 
presence of cracks in the material and upon the correctness of 
the assumption of “conservation of plane sections.” Further- 
more, it is sometimes impossible to place fixed extensometers 
on both sides at a place where it is very necessary to determine 
stresses. An illustration of this is shown in Fig. 1, which repre- 
sents a section at an interior support of a reinforced concrete 
flat slab floor. Critical steel stresses may be expected to occur 
at sections A-A and B-B, and it is important that the deforma- 
tions across these sections be determined. Manifestly, it is 
impracticable to measure deformations on the bottom across 
these sections, as would be necessary with fixed extensometers, 


Fic. 1.—Section at Support of Flat Slab Floor. 


but it is a comparatively simple matter to place gage lines at 
a-a and at b-band to use a strain gage for the direct measure- 
ment of deformation in the steel. 

Many of the limitations of the fixed extensometer described 
above are overcome in a great measure by the strain gage, the 
use of which is discussed in the following paragraphs. 

The requirement of measurements over short gage lengths 
and over a larger number of them than could be obtained 
by using a fixed extensometer, led to the adoption of 
various methods of measuring large unit deformations in 
laboratory tests. These were originally crude methods and 
generally were applicable only where the test piece had passed 
the yield point and where the deformation on a gage length of a 
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few inches was consequently so large that it could be read by 
the unaided eye on a scale graduated to hundredths of an inch. 

This is well illustrated by tests made on small eye bars at 
the University of Illinois. ‘The method has been used in many 
laboratories. On the heads of the eye bars }-in. squares were 
scribed and the deformation of these squares measured with 
dividers during and after the test. This crude method did not, 
of course, yield any reliable measurements of elastic deformation, 
but did show when the yield point of the material was locally 
exceeded and showed in a general way the distribution of stress. 
The results obtained in this way were crude, but the procedure 
demonstrated one method of overcoming the limitations of the 
fixed extensometer. 

- Several forms of sensitive dividers have been used for 
measuring change of length between punch marks or other gage 
points on test specimens. Two such instruments are (1) Capp’s 
multiplying dividers, described in the Proceedings of this Society! 
for 1907, and (2) a mercury column strain gage described on 
page 26 of “‘Tests of Metals” (Watertown Arsenal) for 1906. 
These instruments were used with success in locating the yield 
point in tension tests of metals. 

Two types of strain gage of sufficient precision for the 


_ measurement of elastic deformations are in use in this country 


at the present time, one devised by Mr. James E. Howard of the 
United States Bureau of Standards and the other devised by 
Prof. H. C. Berry of the University of Pennsylvania. 

The Howard strain gage, which was used at the Watertown 
Arsenal as long ago as 1888 and which has become better known 
to the public within the past few years, operates on the principle 
used in the deformation measurements on eye bars previously 
cited. In using this instrument carefully drilled and counter- 
sunk holes are used instead of prick-punch marks. It is, in 
brief, a pair of trammels mounted on a telescoping frame, to 
which is attached a screw micrometer for the purpose of deter- 
mining accurately the amount of movement of the points. Fig. 2 
shows this instrument. For a fuller description of it and of 
work done by it, refer to “Tests of Structures,” by James E. 


4 Vol. VII, p. 624. 
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Howard, in the Proceedings of the International Association for 
Testing Materials for 1912. 

The Berry type of strain gage consists of a frame to which 
are attached a micrometer and two pointed legs; one leg is 
fixed in position and the other pivoted in such way that it will 
adjust itself to slight changes in distance between gage holes. 
Attached to, or continuous with, the pivoted leg is a lever arm 
which multiplies any movement of the point of the leg. The 
amount of movement at the end of the lever arm is measured by 
means of the micrometer attached to the frame. A strain gage 
of the form exhibited by Professor Berry at the meeting of this 
Society in 1910 is shown in Fig. 3. One differing from it only in 
minor details is illustrated and discussed in an article by Professor 
Berry in The Engineering Record for June 11, 1910. In both of 
these instruments the movement of the end of the multiplying 


Fic. 2.—Howard Strain Gage. 


lever was measured by means of a screw micrometer operated 
manually, the instant of contact being determined electrically. 
In an instrument of the Berry type (see Fig. 4) designed at the 
University of Illinois and first used in the test of the Deere and 
Webber Building in Minneapolis, Minnesota, an Ames dial 
micrometer was substituted for the screw micrometer. This 
dial is self-indicating and its use decreased the time necessary 
for taking measurements and greatly facilitated the operation 
of the instrument, enabling the use of both hands in the seating 
of the points. Results obtained by the use of the instruments 
shown in Figs. 3 and 4 are given in the paper by A. R. Lord on 
“A Test of a Flat Slab Floor in a Reinforced Concrete Building,’ 
and in Bulletin No. 64 of the University of Illinois Engineering 
Experiment Station. 

The next development of this type of strain gage made at 
the University of Illinois is shown in Fig. 5. In this instrument 


1 Proceedings, National Association of Cement Users, Vol. VII. 
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aluminum is used to secure lightness, and a means is provided 
of varying the gage length at will from 6 to 11 in. Fig. 5 shows 


(b) 8-in. Gage Length. 
Fic. 3.—Original Forms of Berry’s Strain Gage. 
the principles of its operation. In Bulletin No. 64 of the Univer- 


}. sity of Illinois Engineering Experiment Station, on ‘Tests 
of Reinforced Concrete Buildings under Load,” by Arthur N. 
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Talbot and Willis A. Slater, and in a paper by Mr. Slater on 
“The Testing of Reinforced Concrete Buildings,’ a fuller 
description of the instrument is given and also results obtained 
by its use. 


Fic. 4.—Strain Gage Designed for Deere and Webber Test. 


In another modification of the strain gage the multiplying 
lever occupies a vertical position when measurements are being 
taken on a horizontal surface. This is of advantage in that it 


Gage length adjustable 
7 


Gage line 


Fic. 5.—Illinois Form of Strain Gage having Aluminum Frame and 
Horizontal Lever. 


avoids that part of the horizontal thrust on the edge of the gage 
hole which is due to the weight of a horizontal lever. So far 
as the writers know, Mr. F. J. Trelease was the first to use this 
detail. 


1 Proceedings, National Association of Cement Users, Vol. VIII. 
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In Fig. 6 is shown a newer form of the Berry type of extenso- 
meter designed by the writers. It has a very rigid stationary 
leg and a means of increasing the length of the leg without reduc- 
ing the multiplication ratio, that is, the ratio of the distance 
between pivot of movable leg and point of bearing on plunger 
of Ames gage, to the distance between pivot and point of bearing 
on edge of gage hole. Another feature of the instrument is the 
use of a multiplying ratio larger than is known to have been 


Fic. 6.—Illinois Form of Strain Gage 
having Aluminum Frame and 
Vertical Lever. 


successfully used on any other strain gage. It was designed 
also with a view of obtaining great rigidity in the frame as regards 
the effect of longitudinal thrust. For this purpose the legs 
were made rectangular in cross-section instead of circular and 
to this same object was sacrificed the adjustability of gage 
length except for about jg in. which may be obtained by loosen- 
ing the nut at the top of the right-hand leg in Fig. 6 and moving 
the leg in or out a small amount to allow for small variations in 
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the spacing of the gage holes. The necessity for great rigidity 
in the resistance of longitudinal thrust has been found in all 
tests where it was necessary for the observer to assume an awk- 
ward position in the measurement of deformation. This was 
particularly true when in a test of the Larkin Building in Chicago 
in August, 1912, measurements were taken of deformations in 
steel which had a depth of embedment in concrete of as much as 
4 in. Making the multiplying lever vertical as shown in Fig. 
6 instead of horizontal enables the length of leg to be increased 
without reducing the multiplication ratio. For a given amount 
of longitudinal thrust this instrument shows an error in observa- 


Fic. 7.—Illinois Form of Strain Gage with Horizontal Lever and 4-in. Legs. 


tion about 90 per cent less than that found in a special long-legged 
instrument (see Fig. 7) devised for the Larkin test. The error 
(due to the use of long and rather flimsy legs and a small multi- 
plication ratio) in this special instrument was much larger than 
is found with the forms of strain gage previously described, hence 
the above comparison of errors must be taken only as showing 
the suitability of the new instrument for cases requiring the use 
of an extremely long leg. 

Fig. 8, furnished by Professor Berry, shows his latest form 
of strain gage. It is fitted with a self-indicating gage, has 
Invar steel sides (so that the change of instrument readings due 
to warming up of the instrument with handling is minimized), 
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and has specially designed pivot bearings. The gage length is 
not adjustable. 

The feature common to all forms of what is here termed the 
“strain gage,” then, is the utilization of a pair of trammel points 
in connection with some kind of micrometer for the measurement 


(6) 8-in. Gage Length. 
Fic. 8.—Later Forms of Berry’s Strain Gage 


of the change of distance between a pair of small holes (termed 
gage holes) drilled in the surface of the test specimen. 

In using the strain gage it is of prime importance to mini- 
mize errors due to personal equation of the observer. Under 
very favorable conditions of location of gage lines for measure- 
ments it has been found possible for one man to reproduce the 
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readings of another with a variation not greater than one ten- 
thousandth of an inch, but such favorable conditions rarely 
occur in tests. At the University of Illinois the rule has been 
adopted that for any gage line one observer must take a complete 
set of readings for the test. Another complete set of readings 
taken by a second observer is desirable as a check if the condi- 
tions of the test permit. The following method of taking a 
strain gage reading has become standard: 

Place the point of the movable leg of the strain gage in one 
gage hole of a gage line taking hold of the instrument as near 
the legs as possible; avoiding jerky motion or jar, slide the point 
of the fixed leg into the other gage hole and read the dial, keeping 
the points of the legs of the instrument firmly pressed into the 
gage holes; repeat this process until there have been obtained 
a series of five consecutive readings which do not vary by more 
than 0.0003 in.; take the average of this series as the gage reading 
for an observation. When about to read the gage, it is important 
to keep the eye turned away from the dial until the instrument 
is firmly settled in position, else prejudice in favor of the first 
reading accompanied by involuntary muscular action will tend 
to produce a repetition of a previous reading. 

It has not been found advisable to use the strain gage for 
undergraduate class work in the materials testing laboratory; this 
is because of the large amount of time required to acquire skill 
with the strain gage and the time required to take and reduce 
readings. The primary objects of student class work in the 
materials testing laboratory are to familiarize students with 
the properties of some of the common materials of construction 
and to illustrate the laws of the mechanics of materials rather 
than to train laboratory experts, and the simpler forms of 
attached extensometer have been found best suited for these 
objects. For undergraduate thesis work, however, the strain 
gage has been widely used. Nearly all students readily attain 
a fair degree of skill (their proficiency is tested before they are 
allowed to take readings in actual tests) and in some cases they 
have surpassed their instructors in deftness of manipulation. 

The proper preparation of gage holes and gage lines is a 
very important factor in securing accurate measurements with 
the strain gage. The gage holes must be drilled deep enough 
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so that the points of the strain gage can not touch the bottom of 
the hole, and the edge of the drilled hole should be smoothed 
so that all burr is removed, allowing the strain-gage leg to bear 
against the edge formed by the smoothing action of the finishing 
tool. At the University of Illinois a specially designed No. 54 
drill (0.055 in. diameter) has been found to give good results 
and a finishing tool (Fig. 9) which acts by rubbing rather than 
by cutting is preferred. Where electric current is available, 
a small electric-driven drill with a flexible shaft is used in drilling 
gage holes. Where electric current is not available a small 
hand-power drill is used. Personal supervision over the location 
and drilling of gage holes should be given by the person in charge 


Eccentric Hole Central Hole 
Fic. 9.—Finishing Tool and Gage Holes. 


of the test. The importance of care in the preparation of holes 
can hardly be overestimated. It is of prime importance that 
the gage holes in round bars be drilled as nearly radially as 
possible, otherwise the readings of the strain gage may be very 
seriously affected by slight variations in the manner of placing 
the instrument in position for a reading. Fig. 9 shows a hole 
drilled properly and one drilled improperly. Especially in field 
tests of structures the proper location, drilling, and finishing of 
gage holes frequently involves much time, labor and inconve- 
nience, but it must be carefully done if accurate results are to be 
obtained. When the readings to be taken extend over a long 
time the gage holes should be filled with non-corrosive grease 
or oil to protect the exposed surfaces, left by the drill and the 
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finishing tool, from rusting. For this purpose vaseline always 
may be obtained easily and has proved more satisfactory than oil. 

In all careful tests extending over a considerable length of 
time, made at the University of Illinois, all strain-gage readings 
are corrected and adjusted for variation of temperature and of 
personal equation by the use of one or two standard bars. The 
strain gage is used as a transfer instrument between gage lines 
on the specimen and the gage lines on the standard bar. Two 
standard bars are useful in detecting any accidental variation 


Fic. 10,—Standard Bar. 


in reading of a standard bar. A standard bar adapted for use 
with any gage length between 4 and 11 in. is shown in Fig. 10. 

To determine the multiplication ratio of a strain gage the 
calibration instrument shown in Fig. 11 is used. A calibration 
curve for the type of strain gage shown in Fig. 6 is given in Fig. 
12. By means of this curve, instrument differences may be 
converted to change of length of the gage line in inches. 


Fic. 11.—Calibration Instrument. 


Fig. 13 shows the standard formulas used by the writers 
for reducing strain-gage readings. The “corrected difference” 
may be reduced to actual change of length along a gage line. 
This change of length divided by the gage length gives the unit 
change of length; the unit change of length multiplied by the’ 
modulus of elasticity of the material gives the fiber stress per 
unit of area along the direction of the gage line. The conditions 
under which the data of Fig. 14 were obtained were such that 
the “‘corrected differences” give the stress in the steel directly 
in thousands of pounds. If the instrument shown in Fig. 5 is 
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used, a plus value for “corrected difference” indicates tension; 
if the instrument shown in Fig. 6 is used, the reverse is true. 

A universal form for recording and reducing the data of all 
tests in which a strain gage is used can not be given, but there is 
given in Fig. 14 a form (filled out with data taken in an actual 
test) which has proved quite generally applicable both to labora- 
tory tests and to field tests. Examination of this sheet in 
connection with Figs. 12 and 13 will show the method of reduction 
used better than would a description of the methods. 

It is quite generally advisable to exercise especial care in 
taking zero readings for a test since all other readings are based 
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Fic. 12.—Calibration Curve for Strain Gage. 


on them. Especially in field tests duplicate or triplicate sets of 
zero readings are advisable. Even with experienced observers 
it is found that the observations of the first series taken on new 
gage holes are less reliable than those of later series. This is 
shown in the following illustration. In a laboratory test involv- 
ing 186 gage lines two complete series of no-load observations 
‘were taken. In these series 30 observations were found to be so 
discordant as to require checking, and observations were taken on 
these gage lines a third time. In two cases the corrected observa- 
tions for the first and third series were in better agreement than 
those for the second and third, while in 28 cases the second and 
third series were in the better agreement. The explanation of 
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this phenomenon may be that the repeated insertion of the 
strain-gage points into the gage holes wears away sharp edges 
and burrs not entirely removed by the finishing tool. It empha- 
sizes the necessity for taking great care in obtaining the no-load 
observations. 

The use of the standard bar enables a correction to be 
made for progressive changes in readings due to changes in 
temperature and to other causes. The use of the standard bar 
also enables a correction to be made for any change in the adjust- 
ment of the strain gage itself or for a change from one strain gage 
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Fic. 13.—Form for Reduction of Data. 


to another, if before and after such readjustment or change of 
instrument, readings on the standard bar are taken. The 
usual causes of variation in instrument readings with the strain 
gage are: (1) Variations in length of the strain gage caused by _ 
temperature changes arising from handling by the operator, 
(2) expansion or contraction of the member tested, due to tem- 
perature change, and (3) stress set up in a member by structural 
restriction of expansion or contraction under temperature 
changes. If a standard bar of Invar steel is used, the change of 
length of the standard bar itself under varying temperature 
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may be neglected (this has been confirmed by measurements 
made under the writers’ observation); and with an Invar steel 
bar the corrections introduced in reducing instrument readings 
will be for the first only of the three causes mentioned above. 
If a standard bar of material similar to that in the test piece is 
used and the temperature of standard bar and member remains 
the same during a series of readings, the corrections introduced 
will be for the combined effects of the first two causes mentioned 


LABORATORY OF APPLIED MECHAMCS TEST DATA Observer... 
oF of No.3021 (Serial No.}).. Web. Stress Series... Sheet 
gir TAstrulment No. Tres 
lero Ax 175.5 | 257) 582 | 10.6297 138.5|20.3| 42.3) O48) 5.1 |35.0|45.0| 25.6 44.0) 11090] 
2 
> eadings 
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Noke - Upcorretted Averages obipined| mentally fromm Rpadings as 
74.5 | 27.5] 575] 9.5 27.01 37.0| 18.0| 403| 840| | 733| 70 |33.2| 405 | 45 76.4 | 70.2 102.5 
207 | 394) 50.9 71.0 | 28.6138 7 | 798 | 42.2) B60) | 33 | 35.61 429 126.5 | | 8.01729 1105.3) 
= 
+ is Readings 
6 
|S) 179.0 | 30.5 41.0 | 59.5 | 73.01 32.01 44.0| 262 | 502 | 95 | 92.2 | 78.3 $48 | 525 | 79.6| 
DiteremA - 0.81.9 \-1.3 |-22 |-29|-§5|- 79 |-s50|-74 =98 |-9.5!-8. 
> Correction |-43|-4/|-40|-38 |-28 27|-26|-2 
* Readings 4 
soll 
|S) | 77.8| 31.5 | 40.0| 62.0| 177 | 37.3 | 48.3 760 | |590| 957 | 05.11 65 
\Uncorr |-381-69 |-82|-98 -16.5 | -16.0\-{5.9|-15.0 |-/4.7 |-12.3 |-12.5 
Korecnon 2.3) -2.11-2. 0) | —4) 09 -04|-03 |-03|-02|-07|-0./\-00 
ia) arr Dh $03) 
by 444 
| 
+0 
lo} r 3 
x | 70 
| 76.5 | 30.0| 44.0 | 678 | |670 110.5 59.01 67.7|46.0| 6431014 | 91.31 
Difterer +04 |-OS| O71 4081409 [+10 413 
> orrection —A\ |= 0.3|-49 |-9.6| -/30|-13.9|— 27.7 124.7 24 


Fic. 14.—Sheet of Data from an Actual Test. 


above. No simple method of correcting for the third-named 
cause has been devised. 

The performance of the strain gage is illustrated in Fig. 15, 
which shows deformations measured on mild-steel bolts turned 
to a diameter of } in. A comparison of the curves with each 
other shows sufficient consistency to give considerable confidence 
in the strain gage as an instrument of precision. 

If the multiplication ratio be R, the actual change in length 
of ary gage line is approximately 1/R times the movement of 
the plunger of the Ames gage. This relation is so nearly exact 
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mathematically that in an extreme case it is in error only about 
one-fourth of one per cent, hence the error may be neglected. 
In Bulletin No. 64 of the University of Illinois Engineering 
Experiment Station, “Tests of Reinforced Concrete Buildings 
under Load,” a discussion of “ Accuracy of Deformation Measure- 
ments” is given. A small portion of this discussion and the 
conclusion are quoted here. 

““A study of probable error was made in the Turner-Carter 
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Fic. 15.—Load-Deformation Curves for }-in. Steel Bolts. 


test (a test on the floor of a reinforced concrete building in 
Brooklyn, New York) by the use of a series of 100 observations 
taken by each of two observers on two gage lines selected as 
likely to give the most and the least accurate results. The 
results of this study are given in Table I. 

“From the data in hand it seems safe to conclude that 
under difficult conditions stresses in steel can be determined 
within 500 lb. per sq. in. (plus or minus), and that under favor- 
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able conditions with careful work it may be determined within 
200 or 100 lb. per sq. in. (plus or minus).” 

The speed which may be developed in the operation of 
the strain gage will vary greatly with conditions of the test. 
In laboratory practice where gage lines are accessible and holes 
are well prepared, it is not uncommon for an experienced observer 
to take observations on 50 gage lines per hour. In a field test 
there frequently are many things to make the work go more 
slowly. The necessity of an awkward posture in observing, 
the necessity of removing particles of dirt from gage holes, the 
lack of light, and bad weather, are conditions from which few if 
any field tests are entirely free, and all may be encountered in a 
single test. As a result, the speed of observing in a field test 


TABLE I.—PROBABLE ERROR OF THE AVERAGE OF ANY GROUP OF FIVE 
CONSECUTIVE READINGS. 


Gage Line. 
Observer. 
1 2 Average. 

H. F. Moore....| 0.00000687 | 0.0000106 | 0.00000873 
Unit deformation........... 

W. A. Slater....| 0.0000043 0.000014 0.0000091 

H. F. Moore... 206 318 262 
Stress in Steel, lb. per sq. in.. 

W. A. Slater.... 130 435 282 


will vary from 50 gage lines per hour as given for laboratory 
tests, down to as few as 10, or possibly less, per hour. Under 
the conditions which usually have been met in the testing of 
reinforced concrete floors it seems that a speed of about 30 gage 
lines per hour may be expected. 

The following list of tests in which the strain gage has been 
used, and which were made or participated in by the University 
of Illinois Engineering Experiment Station, is given to show the 
wide range of usefulness of the instrument: 

Laboratory Tesits—Tests to determine flexural strength 
and local fiber stress in I-beams, stress distribution in short 
compression pieces, stress distribution in draft yokes for railway 
car couplers, stress in the main reinforcing rods andin the stirrups 
of reinforced concrete beams, stress distribution in reinforced 
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concrete columns, stress distribution in wide beams and slabs 
of reinforced concrete, deflection of curved beams, stresses in 
steel columns, internal stress in cold-rolled steel, stresses in 
steel rails. 

Field Tests——Tests to determine stresses in concrete and 
in steel in floor slabs and beams of reinforced concrete buildings 
(seven building floors have been tested), stresses in a full-size 
highway bridge of reinforced concrete tested to destruction, 
stresses in eye bars of a steel truss railway bridge. 

In conclusion, the writers would state that after three 
years’ use of the strain gage it is believed to be an instrument 
of a high degree of precision, if carefully used, and it has been 
found to be the most widely applicable type of extensometer 
of which they know. 
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DISCUSSION. 


Mr. W. K. Hatt.—I think the advent of this movable strain Mr. Hatt. 


gage has been a most important event in the development of 
the science of testing materials. It has revolutionized our 
testing methods. We have used it very extensively at Purdue 
University. Recently in a series of tests of cast-steel side 
frames for cars, we had 100 gage points and accurately deter- 
mined deformations all over the surface of the casting. From 
the data the design of castings may be improved, material 
removed from the place where not needed and put where needed. 
The Berry strain gage opens up new possibilities and new fields. 


Mr. H. C. Brerry.—Definition.—The essential feature of Mr. Berry. 


the Berry Strain Gage (Pat. Dec. 12, 1912) is the combination 
of a multiplying lever with a sensitive measuring device mounted 
in a frame capable of being used as a portable or hand instru- 
ment. The frame and lever are both provided with hardened 
steel conical points for application to prick marks or drilled 
gage holes in the specimen. The instrument was developed in 
the shop of the Civil Engineering Department of the Uni- 
versity of Pennsylvania, under the direction of the writer. The 
work was undertaken because we were at that time unable to 
get an instrument of the type developed by Mr. J. E. Howard. 

Measuring Device-—One of the earlier instruments equipped 
with a screw micrometer was shown at the 1910 meeting of this 
Society. In conversation with Mr. Moore the use of the Ames 
dial was brought up. Our experience with one of these instru- 
_ ments for other work had been unsatisfactory, though he thought 
very well of them. It was then agreed that Mr. Moore should 
construct one of these instruments for experimental work with 
dials and different forms of measuring devices. In December, 
1910, he reported the dials to work fairly well but that “in the 
hands of a skilled operator the micrometer is more accurate.” 
At about the same time we found that the dial worked very well, 
and that it is capable of very great speed in use. This has 
been confirmed by general experience since then. The dials 
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have given very good service and have proven much more sub- 
stantial than we had at first expected. . 

Frame.—The earlier instruments were made with aluminum 
frames, but the expansion is so great that in our opinion it is 
a very unsatisfactory material for the purposes. We lightened 
the design and made use of Invar steel for the sides, and found 
that when used as a portable instrument there is little occasion 
to make any correction for the effect of the heat of the hand 
of the operator. With the aluminum frame 8 in. long a 
difference of 0.0004 or 0.0005 in. in the length of the instru- 
ment may be made by holding the hand on it for a few seconds. 
With the Invar instrument frequent reference to the gage will 
give constant readings to the nearest scale division (0.0002 
in.), which gives a feeling of confidence to the observer that 
must be lacking in the use of the aluminum instrument. 

Gage Length—Our first instrument was intended for an 
adjustable gage length, but all regular instruments sent out 
have been for either 2 or 8-in. lengths. A special research 
instrument for use on reinforced concrete or steel structures 
is made for any length from 7 to 20 in. A very carefully made 
laying-off punch is used to make the prick marks into which 
the gage holes are drilled. It makes the holes so nearly exactly 
the same distance apart that the range of the instrument pro- 
vides for any variation, as well as for the deformation of steel 
to beyond the elastic limit in either tension or compression. 
This in our opinion entirely eliminates any need for the slight 
adjustment of the gage length of the instrument provided for 
by the authors of the paper. 

Conveniences for Use of Strain Gage.—Small pocket flash 
lamps clamped to the ends of the instrument by light springs 
have been of the greatest assistance in making readings. The 
small holes are quickly found, and the instrument is easily 
applied when the openings in the concrete are illuminated. 
In one test we found that we doubled the speed of the work 
by the use of these lamps. 

We avoid the trouble found by the authors in holes that 
are not drilled exactly on a diameter of the rod by use of a 
special self-centering punch. It works on the same principle 
as the center square used by machinists. With it the prick 
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mark must be made about the middle of the rod. However mr. Berry. 
we_ have found that in tests on flat members the results are 
very little affected by inclined holes. 
The calibration of the instruments is made by the use of 
a special micrometer gage by which the distance from the center 
of the pin to the end of the finished point is measured to about 
0.0005 in. Measurement is also made of the distance from 
the center of the pin to the ring of contact between the cone 
and the edge of a hole made by a No. 55 drill, which is the 
size we use in drilling gage points. This measurement of the 
levers enables us to make a number of instruments exactly 
alike in the value of the graduations, that is, within less than 
one-half a scale division. We believe this method to be better 
than any calibration device for actual measurement of the value 
of a division where such measurement may depend on a com- 
plicated apparatus, which may be in error in some of its parts. 
Mr. A. N. Tarsot.—I should like to second Mr. Hatt’s Mr. Talbot. 
word of appreciation of the advance in testing work which has 
been made possible by the development of this instrument, 
and to say that we are only beginning to see the applications 
which may be made in the determination of stresses in struc- 
tures and pieces. Among the uses which have been made at 
the University of Illinois, is the measurement of deformation 
on a large number of gage lines well distributed in a test of 
freight-car draft yokes of various designs made for a manu- 
facturer. The tests determined the distribution of stresses in 
the different parts of the yokes and threw considerable light 
upon the necessity for strengthening various parts of the yokes. . 
As to gage lengths, in a recent test of eye bars on a bridge 
truss where there was a question on the action of loose bars, 
a gage length of 60 in. was used, and was found to be quite 
satisfactory. I want to add that the application of the Ames 
dial as an indicating device is what has made the instrument 
so useful for all these purposes. The added speed made possible 
through its use has increased the usefulness very much. As 
stated in the paper, this form of the instrument was first used 
in tests at the University of Illinois. 
THE SECRETARY.—I too should like to second Mr. Hatt’s The Secretary. 
statement. I think it difficult for any one to form an adequate 
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conception at this time of the far-reaching field of applicability 
of such instruments. Some three years ago a highly significant 
beginning was made in one important line of inquiry in con- 
nection with the construction of the cantilever bridge over the 
Ohio River at Beaver, Pa. In the fabrication of the principal 
members of that structure a large number of permanent points 
of contact for a strain gage were established by drilling little 
holes, which were filled with paraffin so as not to become in- 
cipient points of corrosion. The distances between these holes 
were carefully measured before the structure was erected and the 
temperatures were duly recorded. By similar measurements 
on the unloaded structure and by comparison with the corre- 
sponding measurements before erection, duly corrected for differ- 
ences in temperature conditions, the actual dead-load stresses may 
be determined at any time and compared with the computed dead- 
load stresses. Similar measurements may of course be made 
under live loading, although such measurements are obviously 
more troublesome. However, for long-span bridges the dead- 
load stresses are apt to be the preponderating ones, and these 
can easily be made at any time, provided sufficient foresight has 
been exercised by establishing contact points before erection. 

Strain-gage measurements afford an excellent means of 
proving or disproving the reliability of theories governing the 
computation of secondary stresses. 

Mr. D. E. Douty.—I should like to add a word to what 
the Secretary has said. At the time the Bankers’ Trust Build- 
ing was being constructed in New York, Mr. Howard applied 


. his gage at the base of the four columns which carry the eleven- 


story tower. He conducted a series of observations there dur- 
ing the construction of the building, and when it reached the 
twenty-eighth floor, from which the tower was to begin, the 
engineers carefully computed the loads which the four columns 
were then carrying. Mr. Howard also computed two stories 
below, the corner of Nassau and Wall Streets, these loads from 
the compression at the bases, and the two sets of values checked 
within 12,000 Ib. 

Another interesting thing in connection with this building 
was that the trusses which were to carry the side walls on these 
four columns had contact points located upon them. These 
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were supposed to show compression in some places and ten- Mr. Douty. 


sion in others. Strange to say, when the observers made the 
measurements, in some places where they were supposed to 
find tension, they found nothing, and in some places where they 
were supposed to find compression, they found tension. While 
the observations were not sufficient to define the law for the 
distribution of the stresses or the secondary stresses in these 
trusses, they were sufficient to show that the formulas upon 
which those stresses had been based should be revised. 

Mr. W. A. SLATER.—I wish to endeavor to answer only one 
or two of the points raised by Mr. Berry. We may find a neces- 
sity for a variable gage length arising in the character of the test 
we are making. For instance, we may be testing a beam which 
is restrained at theend. We obtain a stress curve which changes 
very rapidly at the support. If we use a long gage length, say 
10 to 12 in., for the measurement of the stress at that position, 
we measure an average stress which is very much less than the 
maximum stress within the gage length. If, on the other hand, 
we use a suitable gage length for that position, say 6 to 8 in., 
and use the same gage length for measurement of stress at the 
center of the same beam where the stress possibly is much lower, 
we lose the accuracy of measurement required. That this may 
be an important item is indicated by the fact that in tests of 
reinforced concrete structures, we sometimes find stresses not 
over 2000 to 3000 Ib. per sq. in. at the design load before the 
concrete has entirely failed in tension. For accurate measure- 
ment of such low stresses we should have a larger gage length 
if practicable. 

Again, there are certain structures which from their physical 
make-up bar us from taking gage lengths of any standard size, 
and this renders useful an instrument which possesses elasticity 
as regards gage length. 

Another question raised concerns the use of aluminum. 
The use of aluminum is merely to lighten the instrument. We 
sometimes have to take as many as a hundred readings in 
succession overhead, and in that case supporting even a small 
weight is very laborious, and we sacrifice accuracy of reading on 
account of the fatigue; but the aluminum instrument has helped 
to eliminate this source of error. With it, however, there is a 
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greater expansion of the instrument, but we have overcome this 
difficulty by the use of an Invar steel standard bar. In this 
connection, I should say that the standard bar ought to be used 
on almost any test, even if an Invar steel instrument be employed, 
because if an accident happens to the instrument and no readings 
have been taken on a standard gage length, it is impossible to 
determine the proper relation between the readings taken before 
and after the accident. That such accidents do not frequently 
happen only slightly lessens the importance of making provision 
for them. In our laboratory practice it not infrequently happens 
that during the course of a test a single instrument is used by 
several persons and adjusted by them for use in different places. 
In such cases the errors which otherwise would result from the 
readjustment of the instrument are eliminated by the use of the 
standard bar. The standard bar ought to be used anyway and 
the corrections can be applied as well if we use aluminum as 
otherwise. Other interesting points have been brought up by 
Mr. Berry, but I believe no more of which I should take the 
time to speak. 
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METHOD AND APPARATUS FOR DETERMINING 
CONSISTENCY. 


By CiLoyp M. CHAPMAN. 


The need of a method for the reasonably accurate deter- 
mination of the consistency of neat cement paste, lime paste, 
cement mortar, lime mortar and concrete, has been felt for a long 
time. The Vicat needle has served its purpose in the testing of 
cement, and, with its only rival, the “‘ball test,” has furnished 
the most accurate simple means of determining the con- 
sistency of neat Portland cement paste. Neither the needle 
nor the ball method has been successfully applied to lime 
paste or to mortars, and neither can be used at all with 
concrete. In fact, there is now no method in general use in 
this country for determining with any accuracy the consistency 
of concrete, nor is there any way in use of describing a con- 
sistency except in broad descriptive terms such as “dry,” “wet,” 
“sloppy,” “mushy,” etc. 

In the case of cement-sand mortars using other than standard 
Ottawa sand, it has been customary to determine the consistency 
in a very roundabout way. First the percentage of water required 
to make a paste of standard consistency with the particular 
cement used is determined by the Vicat needle or by the ball 
method. Then, by the aid of the table prepared by the 
American Society of Civil Engineers, is determined the per- 
centage of water which shall be used and a mortar is made 
up of a 1:3 mixture of cement and standard Ottawa sand 
of standard consistency. Then by making up a mixture 
of the sand and cement to be tested, the operator may guess 
when he has the same consistency as the standard sand mortar. 
This is a crude and uncertain method of determining con- 
sistency of mortars and only one consistency can thus be 
determined; but it is the one in use at the present time. In 
the cases of the lime pastes and mortars, and of concrete, 
there is no generally accepted method for determining con- 
sistency so far as the writer knows. As the necessity for test- 
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ing all sand to be used in important concrete work is becoming 
more fully realized, there is an increasing demand and necessity 
for a method of determining the standard consistency to which 
mixtures of cement and the sand to be tested shall be mixed. 

Another demand for such a method arises from the increasing 
favor in which tests of concrete are held. Laboratory tests of 
concrete to determine the best proportions in which to use the 
available materials are becoming more common every year, and a 
‘method is needed for standardizing consistency of the mixture 
so that results may be more nearly duplicated and conditions 
reproduced. 

It was with a view to finding a simple and easy, yet reason- 
ably accurate, method of determining consistency of rather wet 
concrete, in order that a series of tests might be carried out under 
uniform conditions by several college laboratories scattered 
over the country, that the first trials of the method here described 
were made in the laboratory of Westinghouse, Church, Kerr & 
Co., in New York. 

The method consists in depositing the mortar or concrete 
in a form of suitable size and shape resting on a non-absorbent 
surface, such as glass or metal, and then removing the form and 
noting the settling or sluffing down, either with or without the 
assistance of a jar or shock, of the unsupported mass of paste, 
mortar or concrete left standing. 

The size and shape of the form used depends upon the con- 
sistency to which it is desired to bring the material being 
tested. A low form of large area being used for soft, wet mixtures 
and smaller, taller forms for drier mixtures. 

For concrete containing coarse aggregates it is advisable 
to use a form at least twice the greatest dimension of the largest 
pieces. In case of stiff pastes, dry mortars or concrete, it is 
necessary to jar or shock the mass in order to produce an appre- 
ciable settlement. 

A very definite consistency for a wet concrete mixture may 
be determined as follows: A smooth circular metal form slightly 
tapering from end to end, about 3 in. in diameter at the larger 
end, 2} in. at the smaller end, and open at each end, is placed ona 
glass plate, with the larger end down, filled with the concrete 
to be tested, and the top leveled off. The metal cylinder or form 
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is then carefully lifted and the concrete allowed to either support 
itself if dry enough to do so, or to settle down if wet enough to 
flow. The consistency desired being such that the concrete will 
just start to settle or sluff off when the form is lifted. If it 
stands erect and holds its shape without change, it is too dry. 
If it sinks to a heap it is too wet. If incipient settling or 
sinking takes place, the consistency is that sought. 


Fic. 1.—Consistency Tests of Concrete. 


In Fig. 1 (a) is shown the only apparatus needed to per- 
form the test; namely, a plate of glass or other non-absorbent 
material and a slightly tapering cylinder about 3 in. in diameter . 
and 5 in. high. 

In Fig. 1 (0) is shown a test in which the concrete was too 


dry; in (c), one that was too wet; and in (d), one that was just 
right. 
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When the desired consistency is so stiff that no flow takes 
place when the form is removed, or if the material under test 
does not readily slip out of the form, then a membrane liner 
is used inside the form and jarring is resorted to, in order to make 
the material under test settle or flow; so as to permit of measuring 
the amount of that flow. 

The membrane used may be thin hard rubber of such size 
as to just line the inside of the mold. This liner is placed inside 
the form before it is filled. After filling and removing the form, 
the plate on which the test rests is lifted a definite height and 
allowed to fall. One of the methods by which this jarring may be 
accomplished is by inserting under one edge of the glass plate 
an object of the exact height that it is desired that the plate 
shall fall, and quickly withdrawing it. 

The jar or shock causes the paste or mortar to settle some- 
what, and so increase its circumference. This increase in cir- 
cumference is indicated by a gaping open of the ends of the 
membrane at the joint, by a definite amount for a given consis- 
tency. If the gap is less than the proper amount, the mixture 
was too dry; if more, it was too wet. 

In Fig. 2 (a) is shown the apparatus necessary for the 
test, namely, the metal cylinder, glass plate, liner and metal 
strip for jarring. 

In (6) is shown the specimen with the liner after the form 
has been removed and with a metal strip inserted under the edge 
of the glass plate, ready to be withdrawn and allow the plate to 
drop. 

In (c) is shown the specimen after the jar of falling and 
shows the opening of the liner due to the jar. In (d) is a 
similar test piece which was slightly too dry and therefore the 
opening of the liner was not equal to the required amount and in 
(e) is shown another which was too wet and therefore opened 
too much. 

As this opening of the liner is the indicator of the proper 
consistency, it is desirable that ready means be provided for 
measuring it. This may be accomplished by making the liner 
or a portion of it somewhat longer than the circumference of the 
form and allowing the ends to lap each other. One end of the 
liner is marked off in equal small divisions and the other end of 
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the liner is arranged so as to make it convenient to read the 
amount of spreading near the bottom of the specimen. It is 
convenient also to measure the opening with a scale near the 
bottom. Under some conditions the liner opens somewhat as 
soon as the outer form is removed which makes it necessary 
to read the amount of this opening before jarring, and deducting 
it from the final reading to get the amount of movement due to 
the jar. 

A number of materials have been tried in the search for a 
suitable liner for the molds. Oiled or waxed paper is satisfac- 


(e) 
Fic. 2.—Consistency Test of Pastes. 


tory with lime putty but not with cement. Thin sheet celluloid 
works well with lime putty and neat cement but not with cement 
mortar. Thin hard rubber seems to be the most satisfactory 
of the materials so far tried. It is smooth and flexible, is easily 
formed from the flat sheet into the desired cylindrical shape with 
the aid of moderate heat. 

There are many details of the method which must be stand- 
ardized for any particular consistency in any particular material 
or mixture. A normal neat cement paste placed in a mold 
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2 in. in diameter, 2} in. high, when dropped } in., on a 4 by 
12-in. glass plate, will increase its circumference, or cause the 
liner to open about $ in. An excess of water of one per cent 
will give an opening of greater amount, while one per cent less 
water will produce an opening of less amount. 

There are many conditions under which it is not practical 
to use the very crude apparatus, shown in Fig. 2 (a), owing to the 
drop not being sufficient to jar the mass of material enough to 
produce the desired settling and consequent opening of the liner. 


Fic. 3. 


A simple apparatus has therefore been devised by means of which 
the specimen may be dropped from any height up to 12in. This 
apparatus is shown in Fig. 3, and consists of a platen A, for receiv- 
ing the specimen, provided with vertical guides B, so arranged 
that the platen may be raised to the predetermined height and 
held there by a catch C, on one of the guides. Releasing the 
catch allows the platen carrying the specimen to fall and so 
produce the desired shock. 


The diameter and height of the specimen are details of 


| 
| | 
| | 
B 
7 | 
A 
‘ 
: 
| | 


CHAPMAN ON DETERMINATION OF CONSISTENCY. 1051 


considerable importance. At the present time a diameter of 
about 2 in. and a height of 3 in. is being used for neat cement, 
lime putty, cement mortar and lime mortar. It may be found 
desirable to modify these dimensions somewhat after a wider 
experience has been gained in the use of the method. 

Numerous tests of the method here described have been 
made on various materials and the results have indicated that 
with proper standardization it may be adapted to many of the 
uses for which there is at present a demand for a suitable method. 
It has been used in the laboratory of Westinghouse, Church, 
Kerr & Co., for several months in the testing of Portland cement, 
lime, sand, mortars and concrete. 

In the standard test for Portland cement it has been found 
that for a neat cement paste a spreading of the liner of about 
0.25 in. under a drop of 3 in., corresponds very closely with a 
penetration of 10 mm. of the Vicat needle. For the standard 
consistency of 1:3 mortar a drop of 2 in. produces an opening 
of about 0.25 in. With a medium stiff lime putty a 3-in. drop 
produces an opening of about 0.40 in., and a lime-sand mortar 
of rather stiff consistency gives about the same result. 

The limits beyond which the method is useless are well 
defined in both directions, and lie between that consistency which 
is fluid enough to flow freely and that which is too stiff to alter 
its form under the influence of a comparatively light shock. 
The material under test must be plastic enough to conform itself 
to the container in which it is placed and to settle and expand in 
circumference under the influence of light jarring, yet it shall 
not be too fluid to have a tendency to maintain its form when at 
rest. Between these limits it is hoped the method will prove 
to be of some assistance in the testing of plastic materials, 
particularly concrete materials, and perhaps it may find some 
field of usefulness in the clay and other industries. 


ct 
et 
| 
} 
| 
| 
a 
| 
ng 


Mr. Wig. 


Mr. Schuyler. 


DISCUSSION 


Mr. R. J. Wic.—If the difficulty of measuring consistency 
was entirely due to apparatus in actually reading the consist- 
ency, Mr. Chapman’s apparatus would undoubtedly be of some 
value for determining the consistency of cements; but consist- 
ency is only in part dependent upon the amount of water used, 
and is more dependent upon the method of mixing and the. 
amount of work or energy that is put into the mixing, which is 
the one real reason why neither of our present methods are 
as accurate or satisfactory as they might be. 

Mr. Mont Scuuyier.—The method described by Mr. 
Chapman can be modified so that it may be used in determining 
the consistency of plastic mortars and concretes. If the mix is 
placed in a cylinder, say the mold of an 8 by 16-in. concrete 
specimen, and the cylinder is then raised vertically a predeter- 
mined distance, the contained material will flow out to a degree 
governed by its consistency. A consistency number may be 
arrived at by measuring down from the top edge of the cylinder 
to the new surface of the contained material. 

In tests on concrete some method such as this is absolutely 
necessary in order that concordant results may be obtained. 
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SCREEN-SCALE SIEVES MADE TO A FIXED RATIO. 
By G. A. Dissro. 


The size of opening, the clear space between the wires, and 
not the mesh, directly determines the size of product that will 
pass a testing sieve. For instance, by referring to a wire-cloth 
catalog, we find that 20-mesh wire cloth is made from 16 different 
diameters of wire, ranging from 0.0095 to 0.032 in. A 20-mesh 
sieve made from wire 0.0095 in. in diameter has an opening 
0.0405 in., while a 20-mesh sieve made from 0.032-in. wire has 
an opening of 0.018 in. When we say “20-mesh,” then, it may 
be any screen with 20 openings to the lineal inch made any- 
where from 0.0095 to 0.032-in. wire, with a chance for variation 
in the sieve opening from 0.0405 to 0.018 in., a difference of 
0.0225 in., so that one person may have 0.018 in. in mind when 
referring to a 20-mesh screen and another an opening 225 per 
cent larger or 0.0405 in. 

In the United States, it has been common practice to use 
light or medium grades of wire for testing sieves, while the 
I. M. M. sieves are made from the heaviest wires it is possible 
to weave, so that the foregoing is not an exaggerated illustration. 
of the confusion that arises from the use of the term “‘mesh,” 
in reference to a sieve to be used as a standard of measure. 

Most of us have given up the use of gage numbers and 
think in decimal sizes or the actual measure of the wire in inches. 
Let us take another step in advance and refer to testing sieves 
by the size of opening in the decimal fraction of an inch or milli- 
meters. Instead of ‘‘20-mesh,” give the opening, as ‘‘0.0328-in. 
testing sieve;” instead of ‘‘200-mesh product,” say ‘‘0.0029-in. 
or 0.074-mm. product.” 

Let us think of our testing sieves as a series of openings. 
The number of meshes to the lineal inch and the size of wire to 
produce that opening are incidental and should be left to the 
wire-cloth manufacturer, so long as the cloth is of suitable grade 
for sifting the material. What interests us most is that the 
openings are uniform and accurate, and the wire cloth is double- 
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crimped and made from a suitable diameter of wire, so that the 
wires cannot shift and get out of place when the sieve is put in 
service. 

When we consider testing sieves as a series of openings, the 
most important thing to decide is the relationship between these 
openings. For years those interested in ore dressing and the 


sizing of products by screens have been using testing sieves with — 


no relationship between the sieve openings except that the open- 
ings either increased or decreased in size. It made a standard 
of measure without any ratio or relation between the terms of 
the standard. It was a makeshift, taking whatever meshes and 
wires that could be the most readily furnished. 

Engineers will tell you that the eye is the best judge of the 
safety factor we have, when the object is of a size with which 
we are used to dealing. For instance, a man can tell instantly 
if a row boat is safe or not, or if a plank across a creek will 
safely carry his weight. It is only when the proposition is too 
large or too small that the eye will let us do foolish things, as 
building a great boat or an immense bridge that collapses almost 
of its own weight. If it was scaled to a size with which the eye 
was familiar, we would see at once the folly of the construction. 
So it has been with the openings of testing sieves, which are 
too small to have their relationship appeal to the judgment of 
the eye. Fig. 1 shows the opening in the Tyler Standara Screen 
Scale with a fixed ratio between the openings. ‘The scale is 
enlarged seven' times and the value of the fixed ratio between 
the openings appeals to the eye at once. We would rebel 
instantly at making divisions on this rule according to the old 
method of openings in testing sieves having no relation to each 
other. In other words, we would not want a yard stick having 
no common relationship between its sub-divisions. 

Briefly, the Tyler Standard Screen Scale is a series of accu- 
rately measured openings that increase and decrease throughout 
the series in a fixed ratio. The scale has as its base an open- 
ing 0.0029 in. in diameter—the opening in a 200-mesh screen 
made of wire 0.0021 in. in diameter, the standard sieve as 


1 The original drawing was reduced to half size in photographing for reproduction, so 
that the scale as shown in Fig. 1 is enlarged only 33 times.— Eb. 
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adopted by the Bureau of Standards of the United States Gov- 
ernment—the openings increasing in the ratio of V2, or 1.414. 


4.050 *-= 
-525* 
371" 
i 
» Rog 
% 
Scale 7 to! — Ratio of Surfaces= 2 — Ratio of Diameters = V2 =1,414 
to 
The Tyler Standard Screen Scale Ratio V2= 1.414 


Fic. 1. 


The openings in this screen scale, from 0.0029 in. (0.074 mm.) 
to 1.050 in. (26.67 mm.), are shown in Table I, which showse 
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also the mesh and wire that have been used to produce those 
openings. 

The scale can of course be carried further for either finer 
or coarser screens, using the same ratio, but the table covers all 
the sizes generally used for laboratory work. 

Let us again refer to Fig. 1 and think of this screen scale 
as a rule, laid out with divisions marked on it from 0.0029 in. 
to 1.050 in. the geometrical ratio or multiplier being V2, or 1.414. 
This rule, by erecting the squares for the different divisions, is 
both a lineal measure and a measure of squares or surfaces. It 


TABLE I.—THE TYLER STANDARD SCREEN SCALE. 


Oventnea (Ratio 2=1.414.) 
= Mesh. Diameter of Wire, 
inch. 
Inches. | Millimeters. 
1.050 26.67 0.149 
0.742 | 18.85 0.135 
0.525 13.33 0.105 
0.371 9.423 0.092 
0.263 6.680 3 0.070 
0.185 4.699 4 0.065 
0.131 3.327 6 0.036 
0.093 2.362 8 0.032 
0.065 1.651 10 0.035 
0.046 1.168 14 0.025 
0.0328 0.833 20 0.0172 
0.0232 0.589 28 0.0125 
0.0164 0.417 35 0.0122 
0.0116 0.295 48 0.0092 
0.0082 0.208 65 0.0072 
0.0058 0.147 100 0.0042 
0.0041 0.104 150 0.0026 
0.0029 0.074 200 0.0021 


| 
| 
| 


is a standard of length (the diameter of the openings) and of 
squares (the areas of the openings). 

In most screen analyses we are more generally interested 
in the diameter of the various size products, and for this reason 
we usually think of the scale as a lineal measure. The testing- 
sieve openings are therefore referred to by giving the diameter 
of the opening instead of its area. 

* The reasons for adopting the base and ratio shown in the 
screen scale may be briefly stated as follows: 

Various bases have been proposed for the starting point 
in screen scales, some taking 1-in. and others a 1-mm. opening, 
the scales ranging above and below these starting points. How- 
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ever, as many industries have established 200-mesh cloth as the 
minimum in screen sizing, and as the Bureau of Standards of 
the United States Government has standardized the 200-mesh 
sieve having an opening of 0.0029 in. and made from 0.0021-in. 
wire, this sieve has been adopted as the base of the Tyler Standard 
Screen Scale. 

There is also a great advantage in having as many as possible 
of the sizes now in general use come within the sieve series made 
with a fixed ratio between the openings. The sieve series out- 
lined contains three sieves, the 0.0029-in. (200-mesh), 0.0058-in. 
(100-mesh), and 0.0328-in. (20-mesh), all of which come within 
the specifications adopted by the Bureau of Standards. 

When it is necessary to carry an analysis finer than 200- 
mesh, sieves can be supplied as fine as 260-mesh in plain cloth 
and 300-mesh in twilled cloth. 

The ratio between the different sizes of the screen scale has 
been taken as ¥2, or 1.414, as recommended by Rittinger in 
his work on ore dressing, and the niceness of this will be apparent 
from the following: taking 0.0029 in. or (0.074 mm.), the opening 
in the 200-mesh sieve as the base or starting point, the diameter 
of each successive opening is exactly 1.414 times the opening in 
the previous sieve. It also makes the area or surface of each 
successive opening in the scale just double that of the next finer 
or half that of the next coarser sieve. In other words, the diam- 
eters of the successive sizes have a constant ratio of 1.414, while 
the areas of the successive openings have a constant ratio of 2. 

This constant ratio in the opening is shown in Fig. 1. To 
illustrate: the opening 0.093 in. in the 8-mesh sieve is 1.414 times 
the preceding opening, 0.065 in., in the 10-mesh sieve; the area of 
the opening in the 0.093-in. (8-mesh) sieve is twice that of 0.065- 
in. (10-mesh) sieve, and just half the area of the opening in the 
0.131-in. (6-mesh) sieve. 

Another advantage in this selection of ratio is that by skip- 
ping every other screen, the ratio of diameter is 2 to 1; by 
sk’pping two sizes the ratio is 3 to 1 (approximately); and by 
skipping three sizes, the ratio is 4 to 1; so that in selecting a 
screen scale for concentrating work, for instance, one can pick 
out from the table without any calculation a 1.414, 2, 3 or 4-to-1 
ratio of opening. 
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The Tyler Standard Screen Scale with a 1.414 ratio has 
eighteen sieves ranging from 0.0029-in. (200-mesh) to 1.05-in. 
opening, making only four sieves in the series that are 0.0082 in. 
(65-mesh) and finer; and while this number has been found ample 
to cover all the requirements in ordinary laboratory practice and 
in the plotting of curves showing a screen analysis, yet, to pro- 
vide for a closer sizing where it is necessary in the finer sizes, 
three intermediate sieve sizes have been added to the screen 
scale—0.0069-in. (80-mesh), 0.0049-in. (115-mesh) and 0.0035-in. 
(170-mesh). ‘This produces a screen scale from 0.0029-in. (200- 
mesh) to 0.0082-in. (65-mesh), the openings in which increase in 
the series in the ratio of ¥2, or 1.189, the factor recommended by 
Professor Richards in his work on ore dressing, or the Double 


TABLE II.—Ratio= ¥2, or 1.189. 


Opening (Ratio V 2= 1.189). 
oe Mesh Diameter of Wire, 
inch. 

Inches. Millimeters. 

0.0082 0.208 65 0.0072 
0.0069 0.175 80 0.0056 
0.0058 0.147 100 0.0042 
0.0049 0.124 115 0.0038 
0.0041 0.104 150 0.0026 
0.0035 0.088 170 0.0024 
0.0029 0.074 200 0.0021 


Rittinger Ratio. This ratio of diameter of 1.189 makes a dif- 
ference in the areas between these sizes of about 1.5 times 
instead of 2 as in the other scale. Table II shows the sieve 
openings for the closer classification, where the ratio is 42. 
This closer ratio can be carried through the coarser sizes, if found 
necessary. 

In the Tyler Standard Screen Scale, the size of opening 
has been given the place of prominence on account of its impor- 
tance. ‘The term ‘‘mesh” has been made secondary and its use 
should be discontinued as far as possible. In a technical sense, 
the word “mesh” is meaningless, unless the diameter of the wire 
is also given so that the opening can be determined. The size 
of opening is the measure of the product and the mesh and 
diameter of wire are only valuable as a means of determining 
the size of opening. 
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The fallacy of indicating sieve openings by mesh instead of 
the actual size of opening in inches or millimeters is clearly shown 
in the screen scale. For instance, from 100-mesh to 200-mesh, 
a difference of 100 meshes, there is only a difference in sizes of 
openings from 0.0058 to 0.0029 in., or 0.0029 in., while from 
3-mesh to 48-mesh, a difference of only 45 meshes, there is a 
difference in sieve openings from 0.263 to 0.0116 in., or 0.2514 
in. In other words, the sieve openings only double in 100-mesh 
in the fine sizes, while in the coarse sizes, the sieve openings in- 
crease 23 times in size with a difference of only 45 meshes. On 
sieves made to the Tyler Standard Screen Scale will be found 
name plates marked with the size of opening both in inches and 
millimeters, and showing also the number of mesh. 

The value of a standard with a fixed ratio between sieve 
apertures, to which all can work, with reference to comparing 
the results of tests of one individual with another, is admitted. 
Other scales have been worked out but they did not lend them- 
selves to practical and economical manufacture of the sieve cloth, 
while the one here described commends itself to both use and 
manufacture. With this in mind, the adoption of such a screen 
scale by this Society would contribute materially to the advance- 
ment of standardization in technical work. 


GRAPHIC ILLUSTRATION OF SCREEN ANALYSIS. 


Not only do the screen-scale sieves divide a product in much 
better proportion than a sieve series without any relationship 
between the openings, but the results of the screen analysis can 
be represented by a plotted curve to much better advantage. 

There are many advantages in the graphic method of illus- 
trating the data obtained in a screen analysis. Plotted curves 
of the crushings by different methods or from two competing 
machines, for instance, express the difference in a more striking 
and concise manner than do the tabulated data. Of the several 
methods of plotting these curves, the cumulative direct plot and 
cumulative logarithmic plot are the two most valuable and gen- 
erally used. ‘The curves by either method are plotted by mark- 
ing the cumulative percentages of the material which remain 
on the sieves as ordinates on vertical lines drawn from the several 
corresponding openings on the horizontal scale of the diagram. 
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After drawing in the curve, the percentages remaining on any 
set of openings other than those of the testing sieves used can 
be found by interpolation, and in this way the redistribution of 
the same material by any assumed set of openings can be deter- 
mined without having sieves of those openings. By cumulative 
percentage is meant the total amount of the product which 
would remain on a testing sieve if only one sieve were used for 
testing the whole sample, so that to get the cumulative weight, 
it is necessary to add all of the material which remains on sieves 
coarser than the one in question to the amount remaining on that 
sieve. In other words, each point on a cumulative plot repre- 
sents the total material that would be retained if only the one 
sieve represented by that particular point were used in the 
analysis. 

The difference between a direct and logarithmic diagram 
is that in a direct plot the sieve openings are laid out to an arith- 
metical scale, while in the logarithmic plot they are laid down to 
a logarithmic scale. That is, in the arithmetical scale the actual 
horizontal distances between each vertical line increase or 
diminish in the same ratio as that in which the screen openings 
increase or diminish; in the logarithmic scale, the screen openings 
are plotted to the logarithm of the diameter of the opening and 
since the ratio between the sizes is a constant, the horizontal 
scale of screen openings will be one of equal spaces. 

Specially ruled paper has been prepared for plotting these 
curves. ‘The size of the sheets are 8} by 11 in. and of suitable 
paper for making blue prints. On them are printed the Tyler 
Standard Screen Scale with blank columns for noting the weight 
of the material remaining on each testing sieve, the percentage 
of weight, and the cumulative percentage of weight. (See 
Tables III and IV.) 

Cumulative Logarithmic Plot.——The arithmetical difference 
between the size of openings in the standard screens is small for 
the fine sizes, while for the coarser screens the arithmetical 
difference is comparatively great. However, the ratios between 
the size of openings in successive sieves are constant, and it is 
the ratios that are usually considered in commercial screening. 
A very satisfactory way to plot a curve covering a wide range of 
sizes is to represent equal ratios of diameter by equal distances, 
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thereby compressing the curve for the coarse sizes and extend- 
ing it for the small sizes. This result is secured automatically 
by plotting the logarithms of the diameters of the openings 
on the horizontal scale. 

Fig. 2 shows the cumulative logarithmic plot on the “‘inch 
scale” of the screen analysis recorded in Table III. Such a test 
could also be plotted on a “millimeter scale.” It will be observed 
that the logarithmic interval between 0.001 in. and 0.01 in. is 
the same as that between 0.01 in. and 0.1 in. or between 0.1 in. 
and 1.0 in. 
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Fic. 2.—Cumulative Logarithmic Plot. 


The unit lines are heavier than the fractional lines. Where 
the space between the units is small, as between 0.04 in. and 0.05 
in. or 0.05 in. and 0.06 in., there is room for only one fractional 
line; but where the space is greater, as between 0.01 and 0.02 in. 
or 0.02 in. and 0.03 in., three fractional lines are shown dividing 
the space into quarters, as 0.0125, 0.0150, 0.0175 and 0.020 in. or 
0.0225, 0.0250, 0.0275 and 0.030 in. The lightest vertical lines 
indicate the correct position of the sieves of the Tyler Standard 
Screen Scale. It is a very easy matter to point the cumulative 


> 
‘ 
j 
| 
| 
| 
| 
By 
| 
| 
| 
| 
‘ 


1062 DISBRO ON SCREEN-SCALE SIEVES. 


percentage on the light lines which indicate the sieves and then 
draw in the curve. 

To make this method of plotting perfectly clear, it should 
be pointed out that although the logarithmic spacing is not the 
same as the arithmetical difference between the numbers, yet 
for short intervals the variation between the two is too small to 
be noticed; for example, 0.120 in. is located with practical 
accuracy on the paper by taking a point eight-tenths of the dis- 
tance from 0.1 to 0.125 in. (0.8+0.025=0.020). For a longer 


TABLE III.—ScREEN ANALYSIS SHOWING CUMULATIVE PERCENTAGES. 


Screen-ScaLe Ratio 1.414, WEIGHTS. 
Indicate the Screen - | —— 
Crushed through 
and also First Openings. ee ae Per Cent 
Mesh. | of Wire, | Weights, [Per Cent.) 
Milli- | Inches. inches, | grams. Weights. 
meters. 
6.680 0.263 3 | 
4.699 0.185 4 wae 
3.327 0.131 6 
Retained On...... 1.651 0.065 10 0.035 70.0 14.0 14.0 
1.168 0.046 14 0.025 60.0 12.0 26.0 
0.833 0.0328 20 0.0172 50.0 10.0 36.0 
" | 0.589 | 0.0232 28 0.0125 55.0 11.0 47.0 
. mg | 0.417 | 0.0164 35 0.0122 50.0 10.0 57.0 
pik Oe | 0.295 0.0116 48 0.0092 35.0 7.0 64.0 
¥ 0.208 0.0082 65 0.0072 30.0 6.0 70.0 
” 0.147 0.0058 100 0.0042 32.5 6.5 76.5 
ns 0.104 0.0041 150 0.0026 20.0 4.0 80.5 
- wer 0.074 0.0029 200 0.0021 17.5 3.5 84.0 
0.074 0.0029 200 0.0021 80.0 16.0 
| | | 500.0 | 100.0 | 


interval, however, as from 0.1 to 0.2 in., it would not be suffi- 
ciently accurate on the logarithmic scale to locate 0.15 in. as 
half-way between 0.1 and 0.2 in. 

Cumulative Direct Plot.—Fig. 3 shows a cumulative direct 
plot of the screen analysis givenin Table III. This form of direct 
plotting is unique, since all crushings, to whatever size, are 
expressed on diagrams of the same uniform dimensions and hav- 
ing the same length of base line. This renders a comparison of 
the curves from various crushings more comprehensive than 
when diagrams with varying lengths of base line are used. 
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The vertical lines on the diagram represent any given set 
of sieve openings having a constant ratio of 1.414, the first left- 
hand vertical representing the screen opening through which 
the sample has all been crushed, and the last or extreme right- 
hand vertical, representing zero. The curves, therefore, start 
at the lower left-hand corner and terminate at the upper right- 
hand one. 

Thus, in the test plotted, the material was reduced with 
rolls to all pass an 0.093-in. (8-mesh) opening; hence the extreme 
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Fic. 3.—Cumulative Direct Plot. 


left-hand vertical is marked 0.093 in., the next 0.065 in., etc. 
Eleven screens were used in this analysis, which are represented 
by the use of the same number of vertical lines on the diagram, 
and are so designated by the written figures. The intersection 
of the 0.0029-in. (200-mesh) vertical with the curve shows that 
the cumulative (or total) percentage of material held on this 
size was 84, leaving 16 per cent as the amount passing through, 
which is represented by that portion of the curve lying to the 
right and beyond the 0.0029-in. intersection. Likewise the 
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0.0328-in. (20-mesh) vertical cuts the curve at 36 per cent, 
the amount retained on that sieve, leaving 64 per cent as the 
amount passing through that size opening. 

However, had the crushing been for instance through 
0.0164 in. (35-mesh), and consequently only six screens used in 
the analysis, then the sixth vertical would be used to represent 
the last or 0.0029-in. sieve in the series, instead of the eleventh 
as in the previous case. 

After some experience with this method, the curve corre- 


TABLE IV.—ScCREEN ANALYSIS OF CONCENTRATOR MILL HEADS. 


| Screen-ScaLe Ratio 1.414. WEIGHTS. 
the 
Srushed through | ings. 
and also First Diameter] Sample Per Cent. 
te Milli Mesh. | of Wire, | Weights, |Per Cent. ya a 
Inches. Ran inches. | grams. Weights. 
1.050 26.67 as 0.149 ine, 
All Pass.........-| 4.699 4 0.065 
Retained On...... 0.131 3.327 6 0.036 253 12.65 12.65 
0.093 2.362 0.032 264 13.2 25.85 
= 0.065 1.651 10 0.035 262 13.1 38.95 
0.046 1.168 14 0.025 155 7.75 46.70 
| 0.0328 0.833 20 0.0172 133 6.65 53.35 
= 0.0232 0.589 28 0.0125 126 6.3 59.65 
0.014 0.417 35 0.0122 94 4.7 64.35 
0.0116 0.295 48 0.0092 83 4.15 68.5 
0.0082 0.208 65 0.0072 66 3.3 71.8 
wel 0.147 100 0.0042 64 3.2 75.0 
| 2000 | 1000 | ..... 


sponding to any given material, size, or method of crushing can 
be very closely approximated, and from it an estimate of the 
different size quantities made without recourse to, or in the 
absence of, any laboratory experiment on the ore. 

To illustrate the usefulness of the plotted curve, let us take 
an illustration from actual practice. Given a sample of con- 
centrator mill heads, which are the undersize of trommels 
equipped with 3-mesh, 0.148-in. wire, opening 0.185 in. Accord- 
ing to the arrangement of the mill, these mill heads pass succes- 
sively through three sets of trommels, the oversize of which is 
delivered to three sets of jigs, while the undersize of the last 
trommel passes to tables and vanners, With the last of the three 
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trommels equipped with 12-mesh, 0.047-in. wire, opening 0.036 in., 
with what size of screen openings should the other two trommels 
be equipped to divide the jig product evenly by weight between 
the three sets of jigs? 

The screen analysis of the product passing the 3-mesh, 
0.148-in. trommel is shown in Table IV. It has only been car- 
ried as fine as the 0.0058-in. (100-mesh) sieve, since we are not 
interested in the fines which go to the tables. After plotting 


z 
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Fic. 4.—Curve Showing Screen Analysis of Concentrator Mill Heads. 


the curve (Fig. 4) showing this screen analysis, we find that the 
opening 0.036 in. (the 12-mesh, 0.047-in. wire on the last trommel) 
will retain 52.5 per cent of the product, which is the amount to 
be divided equally by weight between the three sets of jigs. 
One-third of this amount is 17.5 per cent. By finding the point 
on the curve representing 17.5 per cent of the product, we see 
that this part of the material will be retained by an opening of 
0.125 in.; the position of the point on the curve representing 
35 per cent of the product indicates that an opening of 0.0725 in. 
will retain that percentage of the product. Therefore, to divide 
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the product equally on the three jigs the first trommel must 
be covered with a screen that will retain the 0.125-in. part of 
the ore, and the second trommel with a screen that will retain the 
0.0725-in. part of the ore. It is then an easy matter to select 
the required style of screen to produce this result. Fig. 5 shows 
a diagram of the trommels and jigs with the distribution of the 
product. From this it is easy to see the value of the plotted 
curve in the redistribution of a crushed product on any assumed 
set of openings. 


All Fass Trommel! Covered with 3-Mesh, 0./48-in. Wire, Qpering Q/85 in 


percent will remain 
on 0.125-in. Opening. 


Trommel. 


35per cent of Product 
will remain on 
0.0725-in. Opening. 


Tromme/ 


/2-Mesh 
0.047-in. Wire 
Opening, 0.036 in. 


Trommel 


Jig Jig 


Fic. 5.—Diagram of Trommels and Jigs. 


OTHER SUGGESTED SERIES. 


Just a few words as to some of the suggested scales. Al- 
though several screen scales have been proposed from time to 
time, they have never found their way into common use or 
practice. This was on account of the difficulties of weaving the 
many odd sizes of mesh and wire called for in the proposals, 
and also of the fact that the screens scales did not contain the 
sieve openings in general use. 
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Institute of Mining and Metallurgy Series—In 1907, the 
Committee on Standards of the Institute of Mining and Metal- 
lurgy, adopted a sieve series for laboratory use. The main idea 
in this series seemed to be the manufacture of the screens in such 
a way that the wires could not get out of place, having about 
25 per cent of the screen as opening and the rest dead surface. 
They figured that if the size of wire was made the same size as 
the screen opening, the wires would have no chance to shift. 
This, however, is not true, for if screen is made single-crimped, 
no matter how heavy the wires are they can shift and slide on the 
straight wire; whereas if the screen is double-crimped, the wires 
will not get out of place even though the screen is made from much 
lighter wire. As a result, this sieve series is composed of screens 
made from extremely heavy wire, such as would be more suitable 
for clothing a trommel screen or jig than for covering testing 
sieves. In the finer sizes, the wire specified was so heavy that 
it was impossible to construct a double-crimped screen with accu- 
rately measured openings to their specifications. ‘The diameter 
of a testing sieve is naturally limited and there is an advantage 
in having as large a percentage of screening surface in the sieve 
as possible. Consequently, it is better to use a light or medium 
weight of wire, heavy enough to allow a double-crimped con- 
struction that will keep the mesh uniform in size until the screen 
is worn out. 

The greatest objection, however, to this sieve series is that 
there is no relation or fixed ratio between the various sieve 
openings in the series. The only law followed is that the open- 
ings are constantly increased or decreased in size, therefore the 
I. M. M. sieve series is not a regular one. 

Cube Root Series —Mr. T. J. Hoover proposed the use of a 
geometric series of screen openings, starting with a l-in. opening, 
the successive screen openings being obtained by dividing the 
preceding opening by the cube root of three. The novel feature 
of this scale was that it harmonized the English inch and the 
metric millimeter, for the fifteenth sieve had an opening of 
0.03937 in. or one millimeter. 

Inasmuch as the sieve series started at 1 in., the one stand- 
ard contained both the English inch and the millimeter, so that 
the sieve series could be said to start either with the inch or 
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millimeter and work both ways. ‘The objection to the series, 
however, was that it was impossible to work out a series of 
meshes and sizes of wire which would produce the necessary 
sieve openings without going to an enormous expense in equipping 
special machinery for the work. Another objection to the series 
was that it would not contain any of the sieves in general use. 
This cube root series had been previously suggested by Prof. 
Robert H. Richards, but he did not advise its use. 

Rittinger Series—Rittinger proposed a geometric series in 
which the ratio between the size of aperture between the succes- 
sive screens was v2, his first screen being 1 mm. An objection 
has been raised to this series on the basis that there were not 
enough numbers in the fine sizes, while the series would work out 
very nicely for the coarse sizes. 

Richards Series —Professor Richards proposed a geometric 
series in which the ratio between the sieve openings was 42 
and his first term 1 mm. This series might be referred 
to as a double Rittinger series. The advantage of this series is 
an increased number of sieves in the fine sizes, but it makes too 
many sieves in the coarser sizes. 

In the Tyler Standard Screen Scale Series, a compromise has 
been made by using the Rittinger ratio from 0.0029-in. opening 
to 1.050-in. opening, making eighteen sieves in the series. Then 
where closer sizing is required, the Richards ratio has been used. 
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EXTRACTOR FOR BITUMINOUS PAVING MIXTURES. 
By C. N. Forrest. 


Suitable methods for the examination of bituminous paving 
mixtures containing a mineral aggregate of broken stone are of 
greater interest to analysts at the present time than formerly, 
on account of the extensive use of such mixtures in the improve- 
ment of country highways. 

One of the first considerations in the analysis of a paving 
mixture is the separation of the bituminous binder, which may 
be of an asphaltic character or a tar, and various types of 
apparatus have been proposed for this purpose from time to 
time, such as centrifuges and extractors of the Soxhlet, Wiley 
and other types. The chief difficulties in the operation of such 
apparatus lies in the fact that a large quantity of the paving 
mixture is required if the stony particles are as large as one inch, 
which is usually the case so that the sample may be representa- 
tive, and in the safe handling of such a normally disagreeable 
and dangerous substance as carbon disulphide, which is the sol- 
vent best suited and is usually required for the purpose. 

Mixtures containing a coal-tar binder can only be extracted 
successfully with a hot solvent, and in any event a hot extrac- 
tion is always more quickly accomplished than a cold one. 

Following the general principle of the well-known Wiley 
extractor, the device illustrated in Fig. 1 has been developed and 
installed in the New York Testing Laboratory for use in the 
analysis of coarse aggregate paving mixtures, such as asphalt 
blocks, asphaltic concrete and bituminous macadam. 

A battery of six of these devices, installed as illustrated in 
Fig. 2, easily permits of the analysis of at least a dozen samples 
of mixture in an eight-hour working day. 

Five hundred grams of mixtures containing stone coarser 
than 4 in., or 300 g. of mixtures finer than } in., are closely 
packed in the wire basket and covered with a disk or wad of 
absorbent cotton or felt. 
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From 175 to 200 ce. of carbon disulphide, carbon tetra- 
chloride, benzole or chloroform are placed in the inside vessel, 
in which the wire basket is also suspended. 

Cool water must be circulated through the inverted conical 
condenser, which also is the cover of the extractor and is not 
intended to fit tight. 


Section D-D. 


— SectionC-C. 


Section A-A. 


Fic. 1. 


A 16-candle-power incandescent carbon filament bulb is 
the source of heat. 

Complete extraction of the bituminous binder may be accom- 
plished in three hours, without appreciable loss of solvent or 
any of the disagreeable results accompanying the use of some 
of the centrifugal type extractors. 
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Fine mineral matter which passes through the meshes of 
the wire basket may be recovered in the customary way of burn- 
ing the entire extract in a platinum or other suitable dish, or by 
making such a correction after first recovering a large portion of 
the solvent by distillation. On account of the danger from fire 
in distilling carbon disulphide in glass apparatus, such is not a 
safe procedure, and we have abandoned any attempts at extreme 
economy in handling that highly inflammable solvent. 


Fic. 2. 


The amount of the correction will vary from 0.10 per cent, 
in the analysis of coarse macadam mixtures, to 1.0 or 2.0 per 
cent, in the analysis of asphalt blocks which contain 15 per cent 
or more of 200-mesh dust. 

On account of the very delicate character of wire cloth finer 
than 80 mesh, it has not been found practicable to employ a 
finer mesh cloth for the baskets. Otherwise the device is prac- 
tically non-breakable, as it is constructed of brass throughout. 
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CONSERVATION AND SHIPPING CONTAINERS. 


By B. W. Dunn. 


From statistical reports of the Interstate Commerce 
Commission it is estimated that an annual loss to our national 
resources of not less than thirty millions of dollars is sustained 
through damage to railway freight. The magnitude of this 
loss and the fact that millions of our fellow citizens are vitally 
interested in minimizing it, insures the attention of this Society 
for any reasonable comment. 

Among the prominent causes we recognize theft, insecure 
packing, illegible and incorrect marking, rough handling of 
packages in cars and improper loading of freight into cars. We 
are to give special attention to the advisability of standardizing 
specifications for shipping containers with a view to minimizing 
the losses that are due to insecure packing. 

Common carriers have always had a legal right to specify 
the packing required for different kinds of freight; but for 
two reasons their specifications have not been sufficiently explicit 
and rigid. They have not had enough data to make them 
explicit, and the competition of rival lines for freight has not 
promoted rigidity in packing requirements. It is plain that 
by the unrestricted acceptance and movement of large quantities 
of freight we can create conditions similar to those that would 
attend the movement of a large mob of men as distinguished from 
the movement of a military organization. ‘To transform the 
mob, however, we must have time to instruct and drill it, while 
in the movement of freight the carrier is always confronted by 
the danger of congestion. About 70 per cent of the day’s offering 
of freight at a large railway station is received in the late after- 
noon, in less than 30 per cent of the day’s working hours. During 
this rush period the receiving clerks are barely able to verify 
the shipper’s list of packages and no time is available-for a 
critical examination of these packages to discover defective 
containers. Add to this the natural contention of railway 
« traffic officials that revenue-bearing freight should not be refused 
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under any circumstances, and it is plain that the carrier is not 
well protected against the shipper who is willing to reduce the 
cost of his shipping container at the expense of its efficiency. 

The demand of the same shipper for quick service, and 
railway competition to furnish it, contribute to the hurried 
loading of these packages into cars without due regard to the 
destructive pressures to which the packages will be subjected 
when the same rush conditions control the switching and clas- 
sification of these ‘cars into main-line freight trains. The 
carrier’s struggles against freight congestion have developed 
the automatic coupler, the gravity track or ‘“‘hump” and the 
steel-underframe freight car. The effect is to reduce from 
minutes to seconds the time required to move and group these 
cars on specified tracks and to increase correspondingly the 
severity of the shocks incident to this rapid disposition. The 
steel-underframes will stand the shocks and the trainmen do 
not see, as a rule, the effect on the packages in the car. It is 
useless to suggest as a remedy that we avoid all shocks to cars. 
Some increase in the roughness of handling cars is a natural 
development in the struggle against congestion of freight. 

It is intended by this rough sketch of the prevailing condi- 
tions to show that the transportation and shipping interests 
have an important mechanical problem to solve. What is 
a reasonable limit to the speed in miles per hour at which a 
freight car should be permitted to collide with other cars in 
switching movements? ‘The answer must recognize the condi- 
tions that require the classification of a large number of cars in a 
limited time. What pressures tending to injure the car and its 
lading will be generated by the blow due to this impact? How 
far is it practicable to go in specifying the resistance that a 
shipping container must offer to resist these pressures success- 
fully? 

To couple cars carefully, the speed should not exceed two 
miles per hour at the instant of collision. This limit was not 
observed with any degree of uniformity even when hand- 
operated couplers were in use. Friction draft gears, now used 
almost to the exclusion of the old spring buffers, are constructed 
to absorb about 18,000 ft-lb. of energy each, or 36,000 ft-lb. for 
the two gears involved in any impact. ‘This energy is furnished 
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by a loaded freight car weighing 150,000 Ib. and moving at a 
speed of 2.68 miles per hour. For any speed in excess of this 
the additional energy must be absorbed by the elastic, or per- 
manent, deformation of the car frame. The draft-gear energy 
limit of 36,000 ft-lb. restricts the coupling speed for an empty 
freight car of average weight to about five miles per hour. Tests 
made with such a car have shown that for this speed the maxi- 
mum retarding pressure caused by coupling is not less than five 
pounds per pound of weight retarded.'' This pressure is exerted 
on the packages of freight in the car as well as on the car itself. 
When a column of packages occupies the entire length of the 
car the pressure on the end package for a coupling speed of 
five miles per hour may exceed five times the total weight 
of the column of packages. When these packages are free to 
slide along the car floor the coefficient of friction will be high and 
a path of from two to three feet may suffice to absorb the energy 
corresponding to a speed of five miles per hour. This frictional 
resistance is not a practical remedy, however, since the average 
car receives many successive shocks. When we consider the 
magnitude of the pressures that may be exerted so readily on 
these packages under normal conditions, it is not surprising that 
the total of the annual damage claims runs into many millions. 

Figs. 1 to 9 show defective packages in transit that are 
not as exceptional as they should be. Hundreds of similar ones 
could be collected in a few days at any large transfer station. 
There are at least three general types of non-metallic boxes: 
wooden, wirebound veneer, and fiberboard. Conclusive argu- 
ments as to the relative inefficiency of these types cannot be 
drawn from illustrations taken at random. It is safe to assume 
that many such illustrations could be obtained for each type. 

When we seek a remedy we must recognize among the 
contributing causes several independent factors calling for 
separate treatment. 

Some of the men employed by the railways to handle 
freight cars are criminally careless and indifferent. They 
work frequently at night and at isolated points where direct 
and constant supervision of them is practically impossible; 


1See “‘ Measurement of Impact Stresses.” Proceedings, Am. Soc. Test. Mats., Vol. IX, 
p. 650 (1909). 
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and they belong to labor unions that are credited with resisting 
unreasonably, but successfully, the disciplining of their members. 
The development and use of a reliable and efficient time and 
shock-recording instrument would help to prove their delin- 
quencies in handling cars roughly. An extended educational 
campaign, persistently followed, should secure the cooperation 
of the better and more numerous class of trainmen and the 
exercise of their influence over their careless and indifferent 
members. An extract from the last quarterly bulletin of the 
Bureau of Explosives illustrating educational efforts of this 
nature is given in Appendix I. 

When packages of explosives, in special containers many 
times stronger than the average shipping container for the 
same weight of ordinary merchandise, are broken by rough 
handling of cars that occurs in spite of special Federal regula- 
tions prepared and issued to protect dangerous freight, it is 
reasonable to assume more extended damage to ordinary freight. 
Not only in the unnecessary rough handling of freight cars does 
the exceptionally careless trainman contribute to this destruction 
of property. The same man will frequently be found dropping 
heavy or fragile packages from car doors where no unloading 
platform exists. Some of the responsibility for this and similar 
acts of vandalism can be placed with the superiors of the train- 
men if they fail to supply him with skids and other appliances 
necessary to unload these packages properly. It is a favorite 
subterfuge of shippers proven to be the users of insecure shipping 
containers to excuse themselves on the plea that no package can 
be made strong enough to stand railway treatment of it. De- 
struction by railway men exists but it is exceptional, while the 
user of a defective package is a constant source of trouble and 
loss. 

A shipper should present his shipment to the carrier in.a 
container that will protect its contents against injury under 
normal conditions. What normal conditions are must ever 
remain a matter of opinion and good judgment based upon all 
available facts. It is not wise to strain any material beyond its 
elastic limit, and the path required to absorb the energy of a 
colliding freight car ought not to exceed that afforded by the 
friction draft gear. There is a distinct advantage in permitting 
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Fic. 1.—Hogshead of leaf tobacco weigh- 
ing 1400 lb., made of staves only 
4 in. thick without grooves, head 
being held by battens only. Shipped 
from Kenbridge, Va., to Richmond, 
Va. 


Fic. 3.—Two pieces of antique mahogany 
furniture moving from Meyers, Fla., 
to Woodside, Del. 


Fic. 2.—Station carpenter trying to re- 
assemble the broken pieces of a cast- 
iron stove and its flimsy wooden 
crate. Shipment moving from Rich- 
mond, Va., to Elizabeth City, N. C. 


Fic. 4.—Dry goods shipped from New 
York City to Richmond, Va. 


he 
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PORE AND 


VAMGAMP S 
Beans 


Fic. 5.—Case of pork and beans moving 
from Martinsville, Ind., to Rich- 
mond, Va. 


we 


Fic. 7.—A shipment of cloth caps in a 
large box made of boards only } in. 
thick, moving from Baltimore, Md., 
to Richmond, Va. 
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Fic. 6—CGroceries and matches in fiber- 
board boxes, moving from Cleve- 
land, Ohio, to Pine Bluff, Ark. 
Photograph taken at St. Louis, Mo. 


Fic. 8.—A shipment of mattresses with- 
out any burlap protection and re- 
fused by consignee on account of 
stains received while in transit. 
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the coupling speed for the average car to be as high as the draft 
gear will permit, as this will facilitate prompt movement of 
cars and delivery of freight. Let us assume by way of illustra- 
tion that the maximum limit for this speed is placed at four 
miles per hour and that the maximum pressure on a package 
of freight in the end of the car due to this shock is four times 
the total weight of the column of packages in the length of the 
car; then the shipper should furnish a package capable of 
standing this pressure with a reasonable factor of safety. His 
freight may consist of material that can stand this pressure 
without the protection of a container, or the strength of the 


Fic. 9.—Glass bottles shipped from St. Louis, 
Mo., to Sulphur, Okla. 


container may be the only protection against rupture of an 
inside package and los$ of contents. This suggests a broad 
division of all freight into two classes; one class requiring 
protection against outside pressure, and the other not requiring 
such protection. 

For the class requiring protection, shipping containers 
made under standard specifications should be used. Instead of 
standard specifications we now have unlimited competition in 
the reduction of cost. The average box maker knows approxi- 
mately the thickness of lumber that he should use in a given box, 
but he will cease to be an average manufacturer if he refuses to 
reduce this thickness to any degree necessary to secure or keep 
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a customer. The average shipper may know that a fiberboard 
box does not possess the required strength to protect his material 
against pressure, but he is liable to take the chance as long as he 
can collect his freight claims. The shipper who realizes and 
meets his obligation to use efficient containers feels constrained 
to follow the example of a less scrupulous rival in reducing 
the cost of his shipping department. 

Many shippers use inefficient containers because they 
do not know how to specify the characteristics that will insure 
efficiency. They order barrels or boxes and leave the details 
to the manufacturers of the packages among whom it is always 
possible to find some who are willing to sacrifice a lasting reputa- 
tion for quality to a temporary profit. On the other hand, 
many of these manufacturers make inferior packages because 
they do not appreciate the service demanded of their product 
and because no standard specification has been worked out for 
their guidance. 

Until a few years ago metal cylinders to contain com- 
pressed gases, for example, were made in large quantities without 
adequate specifications. The only requirement was a pressure 
test. Many lap-welded, unannealed cylinders were placed in 
service and some have exploded from comparatively slight 
shocks while the gaseous pressure was less than 30 per cent of 
the test pressure to which, presumably, the cylinders had been 
subjected. These explosions have caused loss of life, and the 
failure to develop and use suitable standard specifications for 
the manufacture and test of these cylinders before placing them 
in service is a source of keen regret now to the makers of them, 
as well as to their present owners. 

When the fiberboard box was introduced some years ago 
as a proposed substitute for the wooden box as a shipping con- 
tainer, the railroads noted its failure in many cases to protect 
its contents and additional freight charges were assessed as 
“penalties” against the substitute package. The manufacturers 
were wise enough to prepare what they considered standard 
specifications for fiberboard boxes and offered to bring their 
product up to this standard if the railroads would remove the 
penalty freight charges. The offer was accepted although it is 
not known that any attempt was made to verify the sufficiency 
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of the proposed standard. The acceptance shows the apprecia- 
tion by railway officials of the value of establishing standards 
for shipping containers, but in this case it resulted in a material 
and a double loss to the railroads. The gross weight of freight 
was reduced and the total of loss and damage claims must have 
been increased by many attempts to use the substitute package 
in fields to which it is not adapted. The wooden-box makers 
did not appreciate the importance of their new competitor and 
really encouraged its growth by their failure to follow its 
standardizing example. Many of them fear at the present time 
that a standard for wooden boxes would, by increasing the 
average cost, give an increased leverage to the promoters of the 
substitute package. This fear is not believed to be well founded. 
If a standard for a stronger package is established it will be used 
to keep the weaker one from adoption for the shipment of freight 
that needs protection against pressure. 

Even if we could overcome all other impediments to the 
preparation of standard specifications for all kinds of con- 
tainers, boxes, barrels, etc., there would still remain the pro- 
nounced difficulty of doing so. The thickness of lumber in 
a box, for example, would have to depend on the kind of lumber, 
the size of the box, and the weight of the contents. A standard 
only approximately correct would be better, however, than 
none; and a serious attempt by one or more experts in each 
package-manufacturing industry would soon furnish at least 
an approximately correct standard for the product of that 
industry. 

In Appendix ITI to this paper will be found samples of speci- 
fications approved by the Interstate Commerce Commission. 
The general plan ‘followed by the writer in preparing these 
specifications has been to ascertain the best, reasonably secure 
package voluntarily used previously by shippers for the material 
in question, and to make this the standard for all. The approval 
of some body possessing unquestioned authority over both the 
railroads and the shippers is essential to the successful enforce- 
ment of any such standard. Up to this time the Interstate 
Commerce Commission has exercised its authority only over 
the containers for explosives and other dangerous articles as 
defined in its regulations for their safe transportation. It could 
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exercise the same authority over shipping containers for all 
kinds of freight, and an expression of opinion of this Society 
favorable to this action would have a strong and useful influence. 
The following resolution is, therefore, proposed: 

*‘ Resolved, That the American Society for Testing Materials, 
on account of its desire to cooperate and assist in any action 
that promises to conserve our national resources, respectfully 
urges upon the Interstate Commerce Commission the advisa- 
bility of extending, to all classes of freight moving in interstate 
commerce, the protection against damage and loss through inse- 
cure shipping containers that the Commission is now endeavoring 
to extend to explosives and other dangerous articles; and this 
Society offers the services of a committee, whose appointment 
for this purpose is hereby authorized, to assist, so far as the 
time and experience of its members may permit, in formulating 
and perfecting standard specifications for shipping containers.” 
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APPENDIX I. 


CAUTION TO CONDUCTORS, ENGINEMEN, YARDMEN AND 
FREIGHT TRAINMEN. 


ILLUSTRATION No. 1. 


The above photograph shows a “near accident”’ to a car containing over 
23,000 lb. of high explosives. If an explosion had occurred we should not have 
known the cause. We now know that the car had been handled very roughly, 
but the records did not show it. Possibly the train crew responsible did not 
consider their handling rough, inasmuch as the outside of the car did not show 
any injury; but 14 boxes of dynamite inside the car were ruptured and loose 
cartridges were scattered over the floor. Four or five of these cartridges were 
caught between the door sill and the door and crushed when the door was 
opened by an inspector of the Bureau of Explosives, who had no reason to 
suspect the dangerous condition inside of the car. The location of the car 
at the time was such that an explosion of its contents would have resulted 
in great loss of life and property. 
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You will see plainly that the train crew that broke up these boxes set a 
trap that came near being fatal to a large number of people. They did not 
intend to set the trap, but this did not lessen the danger. Through ignorance 
or carelessness they did just what would have been done by a cowardly crimi- 
nal anxious to assassinate his brother employees. 

Remember that modern freight cars can stand without apparent injury 
shocks that the packages in the cars cannot stand. Read and obey the con- 
densed rules on the Explosive Placard. They are a part of the Federal law 
and the severe penalties of fine and imprisonment for violations of them 
apply to you individually and not solely to your company. The same law 
requires the company to see that you have an opportunity to learn what the 
law requires of you. You have been furnished with a copy of the regulations; 
you have been invited to attend the lectures by the Bureau of Explosives and 
now you have read this bulletin. 

If you handle, or help to handle, these explosive cars roughly, or fail to 
do all you can to keep others from handling them roughly, you will violate 
the law in letter or in spirit and without any possible justification or excuse. 


ILLUSTRATION No. 2. 


The above photograph shows the result of a shock to a 
wagon load—2800 lb.—of dynamite. This accident 
happened several years ago. 
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APPENDIX II. 


Twenty-one sets of specifications have been prepared by 
the Bureau of Explosives for the shipping containers of explosives 
and other dangerous articles. Those mentioned from Nos. 1 
to 6, inclusive, were approved and made effective March 31, 
1912. A revision of these and fifteen additional sets, as shown 
in the list below, will be presented for approval of the Com- 
mission in the near future. Following the list will be found 
three samples of these specifications. Copies of the others can 
be obtained by application to “Bureau of Explosives, 30 Vesey 
Street, New York City.” 


TITLES OF SHIPPING CONTAINER SPECIFICATIONS. 


We Bixsinncnd For Glass Carboys and Outside Containers of same when used 
for the shipment of Inflammable or Corrosive Liquids. 

Metal Cans and Boxes for Inflammable Liquids. 

WO Bivascocies Cylinders for the shipment of Carbonic Acid Gas, Nitrous Oxid 


Gas, Blaugas, and any liquefied gas whose charging pressure 
at 70° F. exceeds 300 Ib. per sq. in. 

No. 3A.....Steel Cylinders for the shipment of non-liquefied gases whose 
charging pressures at 70° F. exceeds 300 lb. per sq. in. and 
do not exceed 1400 lb. per sq. in. 

ea Steel Cylinders for the shipment of non-liquefied gases whose 
charging pressures at 70° F. exceed 1400 lb. per sq. in. and 
do not exceed 1800 Ib. per sq. in. 

No. 30....:. Steel Cylinders for the shipment of non-liquefied gases whose 
charging pressures at 70° F. exceed 1800 lb. per sq. in. and 
do not exceed 2150 lb. per sq. in. 

No. 3D.....Steel Cylinders for the shipment of non-liquefied gases whose 
charging pressures at 70° F. exceed 2150 lb. per sq. in. and 
do’ not exceed 2500 lb. per sq. in. 


eee Cylinders for the shipment of Anhydrous Ammonia. 

ae a Iron or Steel Barrels or Drums for Inflammable Liquids or 
Mixed (Nitrating) Acids. 

ee Boxes for ‘Strike Anywhere”’ (Friction) Matches. 

| a eee Cylinders for the shipment of any gas, not liquefied, and not 


in solution, whose charging pressure does not exceed 300 Ib. 
per sq. in. at 70° F. 

eee Cylinders for the shipment of Acetylene Gas. 

Bek Wivsewen Wooden barrels, half barrels and kegs used for the shipment 
of inflammable liquids in bulk, whose flash point is less than 
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20° F., and of those acids which are allowed to be shipped 
in bulk in wooden barrels. 

Wooden barrels, half barrels and kegs used for the shipment 
of inflammable liquids in bulk whose flash point is not lower 
than 20° F. 

For wooden barrels, half barrels and kegs used for the shipment 
of inflammable solids or oxidizing materials in bulk or in 
inside containers or for the shipment of inflammable liquids 
or corrosive liquids when the same are packed in proper 
inside containers as authorized by the I. C. C. Regulations. 

Boxes to be used as outside containers for Shipping Special 
Fireworks, or Common Fireworks when in the same box 
with Special Fireworks. 


12A....Boxes to be used as outside containers for shipping Common 


Fireworks. 

Metal kegs for use as outside containers for the shipment of 
Low Explosives, Black Powder or Smokeless Powder for 
Small Arms. 

Boxes for use as outside containers of High Explosives. 

Boxes for use as shipping containers of Blasting Caps. 

Boxes for use as outside Containers of Explosives in tight 
inside Containers, except in cases otherwise specifically pro- 
vided for. 

Boxes for use as outside containers of Wet Nitrocellulose— 
20 per cent water; Wet Picric Acid—20 per cent water; 
Wet Trinitrotoluol—20 per cent water; Wet Nitrostarch— 
20 per cent water, and similar substances. 

For metal cans and boxes purchased hereafter and used for 
the shipment of metallic sodium or potassium, of calcium 
phosphide, or of white or yellow phosphorus. 

For metal barrels and drums purchased hereafter to be used 
as outside containers of Inflammable Solids and Oxidizing 
Materials in bulk. 

Fiber drums, or barrels to be used for the shipment of Inflam- 
mable Solids or Oxidizing Materials in bulk, when such a 
container is authorized. 


SHIPPING CONTAINER SPECIFICATION No. 2. 


(See Par. 1822 (a), p. 23, and Par. 36, p. 35.) 


METAL CANS AND BOXES FOR INFLAMMABLE LIQUIDs. 
Revised Effective...... 


CANS. 


1. Cans exceeding 1-gallon and not exceeding 10-gallons capacity must 


be made of metal not lighter than 30 gage United States standard. 
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2. Cans not exceeding 1-gallon capacity may be made of metal lighter 
than 30 gage United States standard, but it must be such as will provide 
proper protection against leakage in transit. 

3. Each completed can must be tested by its manufacturer and must 
not leak air when tested under water with interior air pressure of at least 
5 lb. per sq. in. 


BOXES. 


4. Boxes must be made of good sound white pine, or any wood of equal 
or superior strength, dry and well seasoned and ‘with no loose knots in any 
part nor sound knots on any nailing edge. 

5. Thickness of lumber in the finished box must not be less than required 
by this specification. 

6. When ends are cleated, at least 40 per cent of the bottoming nails 
must be driven into the cleats. Boxes may be made without cleats, provided 
the tops, bottoms and sides are thicker by } in., and the ends thicker by 
} in. than the thicknesses prescribed for cleated boxes. 

7. All nails driven through sides, tops or bottoms into ends or cleats 
must be at not greater than 2} in. centers. 

8. All nails driven through tops or bottoms into sides must be at not 
greater than 8 in. centers. 

9. Gage of nail shall in no instance be less than 4-penny for the smaller 
boxes, 5-penny and 6-penny for the medium boxes, and 7-penny for the single 
10-gallon shipment and for the larger boxes for assorted shipments. Screws 
of equal efficiency may be used in place of nails. . 

10. The boxes must cover the cans and the cans must fit tightly in the 
boxes. The filling hole must be securely closed and if not entirely covered 
by the box cover it must be completely protected by it. 


BOX FOR SINGLE CAN OF CAPACITY NOT OVER 2 GALLONS. 


11. Ends.—Not less than § in. thick. 

12. Sides, Tops, and Bottoms.—Not less than 3 in. thick, securely nailed 
with 4-penny coated nails where the grain of the wood is crossed and 5-penny 
coated nails where the grain of the wood is paralleled in the receiving portion 
of the end; nails must be placed at approximately 2-in. nail centers. 

13. If boxes are made with locked corners the ends must not be less 
than } in. and the sides, tops, and bottoms not less than 3%; in. thick. 


BOX FOR SINGLE CAN OF CAPACITY OVER 2 GALLONS BUT NOT OVER 5 GALLONS. 


14, Ends.—Grain vertical, of one-piece material not less than § in. 
thick for nailed uncleated box. 
15. Paneled Ends may be used with cleats not less than } by 1} in. ten- 


oned; filling not less than } in. thick, securely fastened to cleats with clinched 
nails. 
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16. Single-cleated Ends.—Grain vertical, cleats not less than § by 2} in. 
Ends proper of two pieces not less than } in. thick, cleats securely fastened 
with clinched nails. 


17. Sides.—Not less than 3 in. thick, no more than three pieces unless 
tongued and grooved. 

18. Sides must be nailed with not less than six 5-penny coated nails in 
each nailing surface, and if the box is deeper than 15 in., the number of nails 
used must be increased so that nailing centers are approximately 2 in. apart. 

19. Tops and Bottoms.—Not less than 3 in. thick; no more than two 
pieces, unless tongued and grooved. 

Must be nailed to ends with not less than five nails in each nailing sur- 
face, and where the receiving portion of the end is with the grain, 6-penny 
coated nails must be used. If the receiving portion is across the grain of 
the wood, 5-penny coated nails are acceptable. 

20. If boxes are made with locked corners the ends must not be less 
than 3 in. and the sides, tops, and bottoms not less than 3 in. thick. 


BOX FOR SINGLE CAN OF CAPACITY OVER 5 GALLONS BUT NOT OVER 
10 GALLONS. 


21. Ends.—Must be cleated with at least two cleats whether of one or 
two piece material and not less than § in. thick. Cleats not less than § by 
2} in., securely fastened with clinched nails. 

22. Sides.—Not less than } in. thick. No more than four pieces unless 
tongued and grooved, securely nailed with 6-penny coated nails at approxi- 
mately 2-in. nail centers. 

23. Bottoms.—Not less than } in. thick. No more than two pieces unless 
tongued and grooved, securely nailed with 6-penny coated nails at approxi- 
mately 2-in. nail centers; 50 per cent of nails must be driven into cleats. 

24. Tops.—Not less than 3 in. thick. No more than two pieces unless 
tongued and grooved, securely nailed with 5-penny coated nails, at approx- 
imately 2-in. nail centers. 

25. If boxes are made with locked corners the ends must not be less 
than ? in., and the sides, tops, and bottoms not less than 3 in. thick, unless 
made with §-in. lumber throughout. 


BOX FOR MORE THAN ONE CAN. COMBINED CAPACITY OF ALL CANS 
IN BOX NOT OVER 2 GALLONS. 


26. Ends.—Not less than § in. thick. 

27. Sides, Tops, and Bottoms.—Not less than 3; in. thick, securely nailed 
with 4-penny coated nails where the grain of the wood is crossed and 5-penny 
coated nails where the grain of the wood is paralleled in the receiving portion 
of the end; nails must be placed at approximately 2-in. nail centers. 

28. If boxes are made with locked corners the ends must not be less 
than 3 in. and the sides, tops, and bottoms not less than ¥ in. thick. 
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BOX FOR MORE THAN ONE CAN. COMBINED CAPACITY OF ALL CANS IN BOX 
OVER 2 GALLONS BUT NOT OVER 6 GALLONS. 


29. Ends.—One piece, not less than } in. thick. If more than one 
piece not less than § in. thick, single cleated. 

Cleats not less than 3} by 2 in., securely fastened with clinched nails. 

30. Sides, Tops, and Bottoms.—Not less than } in. thick, nailed at approx- 
imately 2-in. nail centers with 5-penny coated nails where the grain of the 
wood is crossed and 6-penny coated nails where the grain of the wood is 
paralleled in the receiving portion. 

31. If boxes are made with locked corners, the ends must not be less 
than ;%¢ in. and the sides, tops, and bottoms not less than 3 in. thick. 


BOX FOR MORE THAN ONE CAN. COMBINED CAPACITY OF ALL CANS IN BOX 
OVER 6 GALLONS BUT NOT OVER 12 GALLONS. 


(Provided that 2 carnswith a capacity not exceeding 5 gallons each may be shipped ina 
box made according to Paragraphs 38 and 39.) 


32. Ends.—Not less than } in. thick, cleated with § by 1{ in. cleats, 
securely fastened with clinched nails. 

33. Sides, Tops, and Bottoms.—Not less than } in. thick, nailed at approx- 
imately 2-in. centers, with 6-penny coated nails throughout. 

34. If boxes are made with locked corners the ends must not be less 
than } in. and the sides, tops, and bottoms not less than } in. thick. 


BOX FOR MORE THAN ONE CAN. COMBINED CAPACITY OF ALL CANS IN BOX 
OVER 12 GALLONS BUT NOT OVER 20 GALLONS. 


35. Must be not less than j-in. lumber throughout, with single cleated 
ends, using cleats } by 3 in. that are securely fastened with clinched nails. 

36. Sides, Tops, and Bottoms.—Must be nailed at approximately 2-in. nail 
centers with nails not smaller than 7-penny coated. 

37. If boxes are made with locked corners the lumber must be ? in. 
throughout. 


BOX FOR TWO CANS WITH A CAPACITY OF NOT OVER 5 GALLONS EACH. 


38. Ends.—Grain vertical, of one-piece material not less than } in. thick. 

Other styles of ends like single 5-gallon box. 

Balance of specifications, including nailing, same as single 5-gallon box 
except that at least two nails must be driven through the bottom into the 
center of the sides. 

39. If boxes are made with lock corners the ends must not be less than 
§ in. and the sides, tops, and bottoms not less than } in. thick. 


MARKING OF BOXES. 


40. Each box must be plainly marked with the words ‘COMPLIES 
WITH I. C. C. SPEC’N No. 2.” 
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WIRE-BOUND BOXES. 


41, Wire-bound packing boxes for cans of any capacity containing 
inflammable liquids, must be made of sound lumber of not less than the 
following thicknesses and in accordance with the following specifications: 

42. Good sound white pine or any wood equal or superior in strength 
is acceptable. All lumber used must be dry and well seasoned; no loose 
knots in any part. 

Minimum thicknesses of lumber specified refer to the actual thicknesses 
in the finished boxes. 

43. There must be four cleats at each end of each box not less than 
by in. 

The binding wire at each end must be firmly stapled to each cleat by 
staples not less than No. 16 gage and having legs not less than 1} in. long, 
extending over the wire, through each board, and into the cleats. The other 
wire or wires must be firmly stapled to each board by staples not less than 
No. 18 gage, extending over the wire, through each board, and firmly clinched 
on the inside. Staples shall not be more than 3 in. apart. Each wire shall 
be continuous with the ends tightly twisted at one side. 

The distance between the encircling wires on each box shall not exceed 
8 in, in any instance. 

The ends shall be firmly fastened to the inside of cleats with staples 
not less than No. 16 gage, whose legs are not less than }} in. long, placed 
approximately 3 in. apart, or with nails not less than } in. long. 


WIRE-BOUND BOX FOR A SINGLE CAN OF ANY SIZE. 


4. Binding wires shall not be less than No. 16 gage. Lumber shall not 
be less than ;5 in. thick. 


WIRE-BOUND BOX FOR MORE THAN ONE CAN. COMBINED CAPACITY OF ALL 
CANS IN BOX NOT OVER 6 GALLONS. 


44. Binding wires shall not be less than No. 16 gage. Lumber shall 
not be less than 3, in. thick. 


WIRE-BOUND BOX FOR MORE THAN ONE CAN. COMBINED CAPACITY OF ALL 
CANS IN BOX OVER 6 GALLONS BUT NOT OVER 12 GALLONS. 


45. Binding wires shall not be less than No. 15 gage. 
Lumber shall not be less than ; in. thick. 7 


WIRE-BOUND BOX FOR MORE THAN ONE CAN. COMBINED CAPACITY OF ALL 
CANS IN BOX OVER 12 GALLONS BUT NOT OVER 20 GALLONS. 


46. Binding wires shall not be less than No. 14 gage. 

Lumber shall not be less than } in. thick. An additional cleat or batten 
34 by }§ in. shall be placed vertically at the center of each end where the 
end exceeds 10in. in width. This additional cleat or batten shall fit in between 
the horizontal cleats and be held by nails through these cleats into their ends. 
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MARKING OF BOXES. 


47. Each box must be plainly marked with the words “COMPLIES 
WITH I. C. C. SPEC’N No. 2.” 


SHIPPING CONTAINER SPECIFICATION No. 3. 
(See Par. 1822 (a).) 


CYLINDERS FOR THE SHIPMENT OF CARBONIC Acip GaAs, Nitrous Oxip Gas, 
BLAUGAS, AND ANY LIQUEFIED GAS WHOSE CHARGING PRESSURE 
AT 70° F. EXCEEDS 300 LB. PER SQ. IN. 


Revised 


1. Cylinders must be made seamless, of steel of uniform quality, to 
comply in the present state of the art with the following specifications: 


CHEMICAL ANALYSIS. 


0.55 per cent. 
Sulohur must Mot Exceed... 0.05 
ANNEALING. 


3. All cylinders after finishing must be uniformly and properly annealed. 
Dirt and scale must be removed before painting. 


FLATTENING TEST. 


4. From each lot of 200 or less a representative finished cylinder, after 
annealing, must be selected at random and must withstand without cracking, 
flattening between rounded knife edges to a thickness of six times the thick- 
ness of the wall of the cylinder, this measurement to be made between the 
outside surfaces of the walls of the cylinder. 

The knife edges must be of wedge shape, converging at an angle of 60 
deg., the point being rounded off with a radius of } in. If any one cylinder 
from any lot fails to pass this test, two others from the same lot must be 
selected, and these must pass it in order to have the lot accepted. If it should 
appear that failure in the test is due to improper annealing, the manufacturer 
has the privilegé of reannealing the lot and repeating the test. 


PHYSICAL TESTS. 


5. One out of each lot of 200 or less finished cylinders after annealing 
must be selected at random and tests made on test specimens cut lon- 
gitudinally therefrom to determine the elatic limit, the tensile strength, and 
the elongation of the material. These test specimens should, when prac- 
ticable, be taken from the same cylinders which are used for the flattening’ 
test. 
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The elongation must be not less than 10 per cent on an 8-in. test 
specimen. 

The elastic limit must not be more than 67 per cent of the tensile 
strength. 

HYDROSTATIC TEST. 

6. Each finished and annealed cylinder must be subjected to a hydro- 
static test of not less than 3000 Ib. per sq. in. in a water jacket, or other 
apparatus of suitable form, to furnish reliable data. The permanent volu- 
metric expansion must not exceed 5 per cent of the whole volumetric expansion 
at this pressure. This test must be made without subjecting the cylinder 
to any previous hydrostatic pressure; provided, however, that a preliminary 
pressure of 2800 lb. per sq. in. may be applied once only, previous to the 
official test, for the purpose of rounding out the cylinder. 

If, without subjecting the cylinder to any rounding-out pressure, the 
permanent volumetric expansion of 3000 lb. presstire exceeds 5 per cent 
but does not exceed 10 per cent of the total volumetric expansion, the manu- 
facturer has the privilege of retesting the cylinder at a pressure of 3200 lb. 
per sq.in. This retest must be made without any intermediate application 
of pressure and the permanent volumetric expansion must not exceed 5 per 
cent of the total volumetric expansion. 

7. In the hydrostatic test the water gage indicating the expansion must 
be of such diameter that the total expansion will cause the water to rise at 
least 18 in. in the gage; the pressure must be applied for not less than 20 
seconds and as much longer as may be necessary to insure complete expansion 
of the cylinder. The expansion must be recorded in cubic centimeters. 


MARKING, 


8. Each cylinder must be plainly and permanently marked on the 
shoulder with a serial number and with the initials of the owner or owning 
company. 

9. Each cylinder must also be plainly and permanently marked with 
the words ‘COMPLIES WITH I. C. C. SPEC’N No. 3,” or, if desired by 
the purchaser, a symbol consisting of a circle quartered diagonally as follows: 


The diameter of this circle must be at least ? in. and the letters and 
figures must be at least 3‘; in. high. 

This symbol shall be understood to certify that the cylinder complies 
with all the requirements of this specification. 

10. The date of the hydrostatic test must also be stamped on the cyl- 
inder (for example 4-09 for April, 1909) in such manner that the dates of 


subsequent quinquennial tests required by Paragraph 1861 (e) may be easily 
added thereto. 
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GENERAL CONSTRUCTION. 


11. All plates or tubes from which cylinders are made must be free 
from seams, cracks, laminations, or any defects which may prove injurious 
to the finished cylinder. 

12. The manufacture of the cylinders must be completed with the best 
appliances and according to the best modern methods. All finished cylinders 
must show reasonably smooth and uniform surface finish, inspection of inside 
surface to be made before necking down; the threading of valve seat and of 
flange must be even and without checks and the cylinders must show no 
defects of workmanship or material likely to result in any appreciable weak- 
ness of the finished cylinder. A close inspection of each completed cylinder 
must be made before acceptance to discover any defect. 


INSPECTION. 


13. The purchaser must provide for inspection of all material and all 
tests by a competent and disinterested inspector. 

14. The inspector must keep complete records of the various melts from 
which the steel is taken for the manufacture of the cylinders. Certified chem- 
ical analyses of these melts must be supplied to him by the manufacturer, or, 
if desired by the purchaser, he must procure samples from each melt from 
which other chemical analyses may be made. The heat number must be 
stamped on the plates and billets at the steel mill and the inspector must 
also stamp his initials or personal sign on each plate or billet accepted by 
him and no plate or billet must be used for the manufacture of cylinders unless 
so marked. 

Provided: that, when cylinders are to be made from drawn seamless tubing 
under conditions such that the various heats of steel cannot be properly 
traced through to the finished cylinders, a certificate from the manufacturer 
of the tubing (see Report, Par. 19, for form of certificate) together with check 
analyses of samples taken from one out of each lot of 200 or less finished 
cylinders, shall be accepted. 

15. The inspector shall verify the thickness of walls of each cylinder 
before necking down and shall witness the hydrostatic and flattening tests 
of all cylinders. 

16. The inspector shall stamp his initials or his personal sign imme- 
diately beneath the serial number on each cylinder which he passes as accepted 
and shall make a certified report (see Par. 19) to the maker, to the purchaser 
and to the Chief Inspector, Bureau of Explosives, 30 Vesey Street, New York 
City, showing the serial numbers of all cylinders which are accepted together 
with a copy of all data relating to the material and the tests. 


EXEMPTIONS FOR CYLINDERS OF SMALL DIMENSIONS. 


17. Cylinders and other containers which have an outside diameter of 
less than 2 in. and a length of less than 2 ft. shall be accepted with- 
out complying with the requirements of Paragraphs 5, 6,7, 8, 9, 10, 13, 14, 
15, 16 and 19 of this specification under the following conditions: 

(a) All such containers of whatever size or shape shall be considered 
and known as cylinders. 
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(b) The design and construction must be approved by the Chief Inspector, 
Bureau of Explosives, 30 Vesey Street, New York City. 

(c) From each lot of 500 or less a representative finished cylinder must 
be selected at random and subjected to hydrostatic pressure until it bursts. 
The bursting pressure must be noted in the report required by paragraph 
17 (f), and must not be less than 6000 Ib. per sq. in. 

(d) Each cylinder must be subjected to a hydrostatic pressure of not 
less than 3000 Ib. per sq. in. without showing any apparent defect. 

(e) Each cylinder must be marked with a rectangle as follows: 


X—XX—I. C. C.—3. 


the stars to be replaced by a date showing month and year of manufacture 
(for example, 5-13 to indicate May, 1913). If the cylinders are numbered 
this marking must be immediately below the number. 

This marking shall be held to certify that all the requirements of this 
specification have been complied with except as exempted above. 

(f) A report, giving complete data and certifying that all requirements 
of this specification have been complied with, must be made to the Chief 
Inspector, Bureau of Explosives, 30 Vesey Street, New York City. This 
report may be rendered by the manufacturer instead of by an outside 
inspector. 


ADDITIONAL REQUIREMENTS. 
18. The purchasers of cylinders may impose additional requirements 
not inconsistent with these specifications. 
REPORTS. 


19. The report required by paragraph 16 must be submitted in the fol- 
lowing form: 


(Date) 

REPORT OF INSPECTION OF Cylinders 
numbered from tO .. inclusive. 
Manufactured by the............ Company. 
Inspected for the Company. 
Inspection was made on cylinders, manufactured by the 
Pear ALIS Company for the Company, in accordance with 
the requirements of Shipping Container Specification No. ............ of the 


Interstate Commerce Commission Regulations. 
The steel from which these cylinders were manufactured was made 
by the Company. Chemical analyses were made from 
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samples representing each melt of steel, as will be observed from the report 
of chemical test hereto attached.? 

The !(plates)—(tubes) from which these cylinders were manufactured 
were inspected by , and those which were accepted were 
found free from seams, cracks, laminations or any defects which might prove 
injurious to the strength of the cylinder. 

Each and every cylinder before '(necking down)—(closing) was inspected 
inside and outside for surface defects, and the thickness of walls were measured 
at points not more than 8 in. from the open end of the cylinder with a pair 
of calipers and the minimum thickness of wall noted was 

Each and every cylinder was ! (necked down)—(closed) and was 
uniformly and properly annealed and then the cylinders were again inspected 
in order to discover any defects which might have been caused by this process. 

One out of each lot of 200 or less finished cylinders was selected by the 
Inspector and subjected in his presence to a flattening test as required by the 
Interstate Commerce Commission Specifications. All of the cylinders passed 
this test satisfactorily. 

Two longitudinal test pieces were cut from each crushed cylinder and 
pulled. 

The record of the physical and flattening tests is attached hereto. 

Each and every cylinder was subjected to the proper hydrostatic test 
in the presence of the Inspector. A rounding-out pressure of not more than 
2800 Ib. per sq. in. ! (was)—(was not) made. The record of the hydrostatic 
tests is attached hereto. 


Each and every cylinder was stamped on the................ with the initials 
wicheichaeateedl of the purchasing company, and with the date of test. 
Each and every cylinder was stamped with the initials of the 


Inspector immediately beneath the serial number of the cylinder. 

Each and every cylinder was plainly marked on the shoulder with the 
wording specified in Paragraph 9 of this specification. (State which form 
was used.) 


1 Draw a line through word not required. 

2If the cylinders are made from drawn seamless tubing under such conditions that it 
is impossible to trace the various heats of steel through to the finished cylinder (see Par. 14), 
this paragraph should be replaced by the following: 

The tubing from which these cylinders were manufactured was made by the.................... 
pen Company under orders No and their certificate stating 
that it complies with the requirements of this specification is attached hereto. Check analyses 
were made from samples representing each lot of 200 or less cylinders, as will be observed 
from the report of chemical tests attached hereto. 

Also, the report must be accompanied by a certificate from the manufacturer of the tub- 
ing as follows: 


(Place) 
This is to certify that the tubing furnished to the Company on 
orders No does not contain more than 0.55 per cent of carbon, nor 


more than 0.04 per cent of phosphorus, nor more than 0.05 per cent of sulphur. 


(Signature of Mfr. of tubing.) 
This form to be used only when cylinders are made from drawn seamless tubing. (See 
Par. 14.) 
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I hereby certify that all of these cylinders proved satisfactory in every 
y way, and comply with the requirements of the Interstate Commerce Commis- 
sion Specification No...................-- and with Paragraph 1822a of the Inter- 

state Commerce Commission Regulations. 


Inspector. 


Note: If any defects are found in completed cylinders, state kind and 
cause, and that said cylinders were rejected. 


(Date)... 
RECORD OF CHEMICAL ANALYSIS OF MELTS FROM WHICH STEEL WAS TAKEN 
FOR THE MANUFACTURE CYLINDERS BY THE..............-- COMPANY 
CoMPANY. 
est Melt est Piece | 
No. No. Represents | | | Rejected. Remarks. 
Cc | P | S | | 
| | 
(Signed)....... 
(Date).. 
RECORD OF PHYSICAL AND FLATTENING TESTS MADE ON...............- CYLINDERS, 
MANUFACTURED BY THE........... FOR THE.............--- COMPANY. 
SERIAL NUMBERS OF CYLINDERS ARE................ INCLUSIVE. 


Numbers of 


Test | Cylinders Elastic Tensile Reduction | Flattening | Accepted 
No Represented Limit, Strength, } per cent of Area, | Test. or 
No. by Test Piece. Ib. persq.in. Ib. persg.in.| in 8in. per cent. | Rejected. 
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(Date)... 
RECORD OF HYDROSTATIC TESTS MADE ON...........--.-- CYLINDERS................. O. D. 
TRE LONG, MANUFACTURED BY THE...............- COMPANY FOR 
ComMPANY. 
| 
Number of; _ Test ak | Thickness Total Permanent) Per | Accepted 
Cylinder. | Pressure. Weight. | of Walls. | Expansion.| Expansion.| Cent, OF 
(ec.) (cc.) Rejected. 
(Signed) 


Norte.—If any cylinders are retested at the increased pressure as allowed, the total expan- 
sion, permanent expansion and per cent must be recorded for both tests. 


SHIPPING CONTAINER SPECIFICATION No. 5. 
(See Par. 1822 (a), p. 23, and Par. 38, p. 35.) 
TRON OR STEEL BARRELS OR DRUMS FOR INFLAMMABLE LIQUIDS OR MIXED 
(NITRATING) AcIDs 
Revised Effective. 


1. The provisions of this specification apply to all containers specified 
herein that are purchased after December 31, 1911. 

2. Each such container purchased subsequently to December 31, 1911, 
shall have plainly stamped thereon the date of manufacture thereof. 

3. An iron or steel barrel or drum with a capacity of over 55 gallons 
but not over 110 gallons must be constructed of metal the minimum thickness 
of which in any part of the completed barrel or drum must not be less than 
that of full No. 14 gage, United States standard. 

The weight of a barrel or drum with a capacity of 100 to 110 gallons 
must be not less than 130 Ib. in the black exclusive of the rolling hoops. 

4. An iron or steel barrel or drum with a capacity of over 30 gallons 
but not over 55 gallons must be constructed of metal the minimum thickness 
of which in any part of the completed barrel or drum must not be less than 
that of full No. 16 gage, United States standard. 

The weight of a barrel or drum with a capacity of 50 to 55 gallons must 
be not less than 70 lb. in the black exclusive of the rolling hoops. 

5. An iron or steel barrel or drum with a capacity of over 10 gallons 
but not over 30 gallons must have a minimum thickness of metal in any part 
of the barrel or drum of not less than full No. 18 gage, United States standard. 
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6. An iron or steel barrel or drum with a capacity of not more than 
10 gallons must have a minimum thickness of metal in any part of the barrel 
or drum of not less than full No. 20 gage, United States standard. 

7. Each barrel or drum must be tested and must stand without leaking 
a manufacturer’s test under water by interior compressed air at a pressure 
of not less than 15 Ib. per sq. in., sustained for not less than 2 minutes. 

8. The type of barrel or drum must be capable of standing without 
any serious permanent deformation and without leaking a hydrostatic test 
pressure of not less than 40 lb. per sq. in., sustained for not less than 5 minutes. 

9. When filled with water to 98 per cent of its capacity the type of 
barrel or drum must also be capable of standing without leakage a test drop 
on its chime from a height of 4 ft. upon a solid concrete foundation. 

10. Bungs and other openings must be provided with secure closing 
devices that will not permit leakage through them. ‘Threaded metal plugs 
must be close fitting. Gaskets must be made of lead, leather, or other suit- 
able material. Wooden plugs must be covered with a suitable coating and 
must have a driving fit into a tapered hole. 

11. The method of manufacturing the barrel or drum and the materials 
used must be well adapted to producing a uniform product. Leaks in a new 
barrel or drum must not be stopped by soldering but must be repaired by the 
method used in constructing the barrel or drum. 

12. Each barrel and drum must be plainly and permanently marked 
with the words “‘COMPLIES WITH I. C. C. SPEC’N No. 5.” 
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Mr. Speller. 


DISCUSSION. 


Mr. F. N. SPELLER.—So many interests are involved in 
the handling of freight that the selection of safe and economical 
packages should be left to somebody whose interest in the 
matter is neutral. It is by no means a simple problem to bal- 
ance these antagonistic interests and to draw up specifications 
for shipping containers which will be best for all concerned. 

The preparation and results accomplished by the Shipping 
Container Specification I. C. C. No. 3, covering cylinders for 
the shipment of gases under pressure, illustrate very well the 
point of Colonel Dunn’s paper. 

Before the adoption of this specification, such cylinders 
were manufactured under specifications of the purchaser, who 
is usually the shipper. His inclination to purchase the cheapest 
and lightest-weight cylinder was only restrained by his own 
limited experience, and such influence as the manufacturer 
could bring to bear. 

The preparation of a specification by the Bureau of 
Explosives very naturally led to far more extensive research 
and experiment than was deemed necessary under previous 
conditions, both as to the material of which the cylinders were 
made, and the physical properties of the contents at various 
temperatures and pressures. This work has received the hearty 
support of the leading interests concerned. The result has 
been the adoption of a specification based on the best informa- 
tion obtainable, and an improvement in conditions which should 
greatly reduce the hazard to both life and property. 

An enormous amount of work has been done on this speci- 
fication and at great expense, a general description of which 
would involve a lengthy paper. To how great an extent similar 
results can be accomplished by drafting specifications for other 
materials subject to injury or likely to cause damage in trans- 
portation, it is impossible to say. 

It may be of interest here to say a word as to the devel- 
opment of the cylinder which we are making in this country 
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to-day for carrying gas under pressure. These cylinaers were 
first made in America in 1891, and for two years afterwards, of 
lap-welded wrought iron, tested at first to 2500 lb., and then 
as required by the purchaser to 3700 lb. internal pressure. 
Lap-welded Bessemer steel was substituted in 1893 and con- 
tinued to be made until 1908. During this period the seamless 
cylinder was developed, and about 80,000 manufactured. After 
1908 no lap-welded cylinders were made. Considering the 
high and variable stress to which these cylinders are subjected, 
and the rough handling in transportation, to which Colonel 
Dunn’s paper makes reference, it is little wonder that once in 
a while one of these old cylinders explodes under shock. The 
high test-pressure applied must have frequently strained the 
metal considerably beyond its elastic limit. The pressure is 
now reduced to 3000 Ib., which is slightly below the elastic limit 
of the modern cylinder. We now know that annealing to 
refine the grain will greatly increase the resistance of these 
lap-welded cylinders to shock, but to be permanently effective 
this annealing should be repeated every four or five years. 

THE PRESENT.—Perhaps the best way to bring this paper 
before you for proper discussion would be the consideration 
of the resolution at the close of Colonel Dunn’s paper, namely: 


“Resolved, That the American Society for Testing Materials, on account 
of its desire to cooperate and assist in any action that promises to conserve 
our national resources, respectfully urges upon the Interstate Commerce 
Commission the advisability of extending, to all classes of freight moving in 
interstate commerce, the protection against damage and loss through insecure 
shipping containers that the Commission is now endeavoring to extend to 
explosives and other dangerous articles; and this Society offers the services 
of a committee, whose appointment for this purpose is hereby authorized, 
to assist, so far as the time and experience of its members may permit, in 
formulating and perfecting standard specifications for shipping containers.” 


In proper course this resolution should be referred to the 
Executive Committee, for it involves the apppointment of a 
committeee, which lies entirely in their province. It would be 
perfectly proper, however, for this resolution to be amended or 
altered in its phraseology to make the expression one of recom- 
mendation to the Executive Committee that they shall take 
action upon it. Has any one any remarks to offer? 


Mr. Speller. 


The President 
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Mr. Stone. 


The Secretary. 


Mr. Becher. 
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Mr. G. C. Stone.—I think the shippers would welcome 
action of the kind proposed in this resolution. The difficulty 
of getting proper material is increasing all the time, and with 
these specifications in force it would help us very much in that 
respect. Another thing I should like to see considered is the 
proper loading and bracing of the cars. Colonel Dunn’s pictures 
have shown the importance of this and what he says is un- 
doubtedly true. With the old light cars you could load material 
in pretty much any way and the containers would stand what 
the cars could stand; but now, with the stronger cars, it is neces- 
sary to brace the material and load it properly. We are ship- 
ping largely in barrels and find that the bracing is quite as 
important as the container, and that should be considered by 
the committee. 

THE SECRETARY.—I move that the first part of this reso- 
lution, ending with the words “dangerous articles,” be adopted 
as expressive of the sense of this meeting; and that the remainder 
of the resolution be referred with power to the Executive Com- 
mittee with a favorable recommendation. [Motion seconded.] 

Mr. EuGEeNn BECHER.—The Blaugas Company of America, as 
well as all its subsidiary companies operating in the various parts 
of the United States, is subject to the rules and specifications 
which the Interstate Commerce Commission has issued regarding 
the shipment of compressed gases. When Colonel Dunn, as 
head of the Bureau for the Safe Transportation of Explosives 
and other Dangerous Articles, started to issue rules regarding 
the shipment of compressed gases, we had the impression that 
most ‘rules and specifications were absolutely justified, and 
would prove beneficial to the industry. There were, however, 
some details in the specifications which we thought might prove 
a burden to the industry. However, after having operated 
under the rules and specifications for several years, we, as well 
as perhaps every other manufacturer of compressed gases, have 
realized more and more the benefit which all manufacturers of 
compressed gases are deriving from these specifications, and 
now do not feel them to be an encumbrance at all. Colonel 
Dunn’s work has caused the American manufacturers of com- 
pressed gases to study the quality of their cylinders more thor- 
oughly than before, and this is perhaps the main reason why 
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the quality of steel cylinders used to-day is far superior to the 
quality of the average steel cylinders which were used a num- 
ber of years ago. 

Colonel Dunn has always been very anxious to work in 
harmony with the manufacturers of compressed gases, as well 
as with the manufacturers of steel cylinders, and certainly 
deserves great credit for the work that he has done in this 
respect. We therefore feel confident that if he will succeed in 
inducing the Interstate Commerce Commission to issue rules 
and specifications for containers used by other industries, his 
work will prove very beneficial to those industries. 

Mr. H. E. Sturcke.—The importance of Colonel Dunn’s 
resolution can properly be demonstrated by a few figures. In 
1907, the property lost by explosives in transit amounted to 
nearly $500,000. In 1912, due to the activity of Colonel 
Dunn’s Bureau, that loss was reduced to $10,200—from $500,000 
to $10,200! Naturally, the railroads would like to see the losses 
in other merchandise reduced in the same proportion. ‘The large 
shippers, shippers in general, would probably, to start with, find 
a great deal of fault with any such activities on the part of 
the Interstate Commerce Commission. When they have gone 
through the experience that the shippers of ‘other dangerous 
articles” have gone through, they will be as grateful to Colonel 
Dunn, probably, as we are to-day. Five years ago we thought 
Colonel Dunn was a nuisance; to-day we see in him in more than 
one respect the best friend that the compressed gas manu- 
facturer has, owing to his recommendations and his specifica- 
tions. We know to-day a great deal more about our containers, 
and whereas, in years gone by, we walked through our factories 
with fear and trembling, we now have a reasonable sense of 
safety which is really due to Colonel Dunn. 

As far as the actual specifications are concerned, I am not 
ready to admit that they are the best we ought to have, but 
they are probably the best we can get at present. I believe 
that even if the Society should not be ready to take up the 
general scope of recommendations covering all packages, the 
appointment of a committee to investigate the cylinder con- 
ditions—I refer to containers for compressed gases—would be 
entirely in order. Some of you gentlemen who have had expe- 


Mr. Becher. 


Mr. Sturcke. 
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Mr. Sturcke. 
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rience with the testing of these cylinders and the various speci- 
fications, know that there is still much uncertainty about some 
points, which ought to be removed. The various methods of 
testing need to be investigated by people of scientific authority. 

Mr. W. A. FAtrBuRN.—As representing manufacturers 
who have had a great deal of experience with Colonel Dunn 
in his work during the last few years, I wish to state, not only 
as a representative of the Diamond Match Co., but as a mem- 
ber of the match manufacturers’ committee on shipping con- 
tainers, that I trust this Society will do all it can consistently 
to support Colonel Dunn, both morally and by real effective 
cooperation in the splendid work he is doing along the lines of 
the conservation of property and life. At first we felt that 
Colonel Dunn was going to hit us all pretty hard, and I guess 
he has, but by looking at the question in its broadest light, 
we have to admit that he has encouraged us to do the right 
thing and the proper thing. I feel to-day that the field has 
only just been touched; there is so much ahead yet untouched, 
that the work is really only in its infancy. 

I am very glad to know that Colonel Dunn’s organization 
is considering the preparation of specifications for many other 
commodities, in addition to explosives and inflammables. 
I think the present specifications should possibly be further 
strengthened by degrees in regard to the carrying of dangerous 
articles, but the general, broad proposal of putting suitable and 
efficient containers on the various commodities that have to be 
shipped is certainly one which will result in the greatest pos- 
sible good to the railroads, and ultimately to manufacturers 
and the public generally. Without taking up your time by 
going into this matter technically or by telling you what the 
match manufacturers have done, working in conjunction with 
Colonel Dunn, I just want to state that I sincerely trust that this 
Society will cooperate with Colonel Dunn in every possible way, 
so that he may feel that he has your moral support. I also hope 
that you may be able to see your way clear to pass the reso- 
lution which will show in a definite manner that you endorse 
the work he has done. 

[The motion on the resolution was then put to vote and 
carried.] 
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THE PRESIDENT.—I am sure that the Society, as well as The President. 
the country and all humanity, should feel grateful to Colonel 
Dunn for his admirable work. 

Mr. J. J. Daucn (by letter)—The subject of Colonel Mr. Dauch. 
Dunn’s important paper stands in close relation to some matters 
which he has only touched upon, and which seem to the writer 
to deserve further discussion. Having in contemplation certain 
reforms in the specification and enforcement of standards for 
freight containers, Colonel Dunn quite properly confines him- 
self to argument and recommendation under that head. How- 
ever, we do find him making incidental reference to the ten- 
dencies of the shipping public and the conditions of modern 
transportation—subjects so interrelated with the main question 
that no proper conclusion can be reached if they are neglected 
or misunderstood. 

In the third paragraph of his paper Colonel Dunn makes 
the following remark: ‘Common carriers have always had a 
legal right to specify the packing required for different kinds 
of freight.” The principle thus stated has usually been accepted 
unchallenged and unqualified and no maker of standard shipping 
boxes, who has been made even remotely responsible for inferior 
competitive goods, would assail the carriers’ right, moral or 
“legal,” to specify and require suitable freight packages. The 
existence of such rights, as yet unexercised, I could not doubt. 
However, it may be well to be reminded that railways are agents 
and beneficiaries of the public, exercising prerogatives which 
entail responsibility. To me it seems clear that the “right” 
of carriers to specify packing has always been limited by their 
obligation to specify fairly and reasonably, and that reason and 
fairness never did and never will relieve them of responsibility 
for their own acts and policies. 

Further on, Colonel Dunn cites as new and extra hazards 
of transportation, the automatic coupler, the gravity switching 
track and the steel underframe freight car. The air-controlled 
freight train might well be added to this list. In all academic 
discussion of packing standards, it seems to have been taken 
for granted that in the installation of these facilities, the rail- 
ways have naturally and properly laid the shipper under obli- 
gation to provide against the stresses of their operation. The 
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standard package is assumed to be the one that will successfully 
resist the strains imposed by the progressive operating economies 
of the carriers. Projected to its legitimate conclusion, this 
assumption would warrant the specification of armor-plated 
freight boxes should the railways adopt less destructible cars 
or more expeditious switching methods and facilities. Because 
of railway improvement, the package standard of yesterday 
is found insufficient to-day; the standard of to-morrow is there- 
fore made to depend upon future transportation methods now 
beyond the reach of conjecture. 

In the carrying of passengers, the railways themselves 
assume the risks imposed by new and extra hazardous service, 
even though such service may have been instituted solely for 
the convenience of the traveling public. Witness the installa- 
tion of block signal systems along with the launching of swifter 
trains. The traveler is not required to encase himself in chain 
mail; he is rather invited to a steel steam-heated car, and every 
precaution is taken for his adequate protection from injury. 
Why then in the movement of freight should the rule be reversed 
and the public required to provide against the hazards of the 
“hump,” the air-brake, and the automatic coupler? Why 
should not the railroad recognize its responsibility for the con- 
sequences of its own economies and set itself the task of mini- 
mizing them? 

The adequate and effective standardization of shipping 
boxes to meet the ordinary stress of handling and transporta- 
tion is a propriety already too long neglected, but any tendency 
to use it for relief of carriers from liabilities created wholly by 
themselves should be carefully avoided. 

Caution should also be exercised lest the burden laid upon 
the shipper by standardization be disproportionate to the 
gravity of the abuses sought to be corrected. In the packing 
of commodities which endanger other property, and even human 
life, safety is the one paramount consideration, but in the case 
of ordinary freight no such risk is involved, and cost of pack- 
ing rises to the full height of its importance. Every package 
of freight damaged in transit involves an economic loss, and so 
does every dollar unnecessarily absorbed in packing expense. 
Admitting no such actual ratio of breakage, let us suppose that 
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ninety-nine of every hundred packages now move safely; then Mr. Dauch. 


any increase in the value of the prescribed container would 
be for the sole protection of the hundredth package and should 
not be out of proportion to the decimal of benefit to be derived. 
Colonel Dunn mentions that our annual national loss by damage 
to freight in transit is estimated at some thirty million dollars. 
Of this enormous drain upon our resources a considerable part 
may be assumed to flow from railway treasuries, while a por- 
tion only of this, the carriers’ share, is chargeable to insecure 


packing. 


I am not aware of any estimate yet placed upon the added 
cost of packing contemplated by the railways, but it is impossible 
to doubt that without recourse and reference to costs, the 
ablest men, charged with the preparation and enforcement of 
packing regulations and actuated by the purest motives, with 
science as their warrant, could lay upon our shipping interests 
a tax, beside which the abuses corrected and the savings shown 
would shrink into insignificance. 

The fear of such an outcome is not allayed by observation 
of a quite prevalent attitude of mind toward those who furnish 
the revenues of the railroads. I quote again from Colonel 
Dunn’s paper: “The average shipper may know that a fiber- 
board box does not possess the required strength to protect 
his material against pressure, but he is liable to take the chance 
as long as he can collect his claims.’”’ From somewhat intimate 
business relations with “the average shipper” throughout 
a period of years, I am aware of the promptness and insistence 
of his customers’ complaints whenever his shipping boxes do 
not carry satisfactorily. I also know how invariably he chooses a 
more expensive package in preference to that loss of trade which 
would inevitably result from improper packing of his wares. 
As an ‘average shipper,” I have discovered no temptation 
in railroad claims, and all my experience has proven to me that 
shippers will avoid them if they can. 

Concerning the acceptance of fiber boxes on a parity with 
those of wood Colonel Dunn speaks as follows: “It resulted 
in a material and a double loss to the railroads. The gross 
weight of freight was reduced and the total of loss and damage 
claims must have been increased by many attempts to use the 
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substitute package in fields to which it is not adapted.”’ Those 
who are advocates of “conservation” will be able to rec- 
ognize in the first of these twin ‘losses’ a distinct economic 
saving. As to the other, abundant examples of breakage preven- 
tion credited to the fiber box must serve to offset the unsup- 
ported opinion we have quoted. 

Thorough standardization will come; it must come. Public 
policy demands it. But it should not be undertaken with any 
prejudice that may affect its equity, nor without full recognition 
of the relative obligations of carrier and shipper. It is there- 
fore to be hoped that whoever shall eventually take up this great 
work may bring to it not only breadth of technical knowledge, 
but also that judicial poise which shall insure to all a fair division 
of responsibility, and a just relation of the burden lifted to the 
tax imposed. 

Cot. B. W. Dunn (Author’s closure by letter) —The author 
desires to express his grateful appreciation of the valuable 
support received from the gentlemen who participated in this 
discussion. 

It probably will be guessed by the reader that any one of 
the gentlemen commenting on the work already accomplished 
in standardizing the manufacture and testing of steel cylinders, 
for use as shipping and storage containers for compressed 
gases, could write an instructive chapter on this subject. 

It is not just to accord the author more than a small part 
of the credit due for the valuable standardization of shipping 
containers for explosives and other dangerous articles already 
accomplished. These specifications represent the result of much 
labor and the expenditure of a considerable amount of money 
by public-spirited citizens and by employees of the Bureau of 
Explosives. 

The valuable letter contributed to this discussion by Mr. 
Dauch contains strong support for the author’s contention and 
recommendation, with a caution against any failure to appre- 
ciate that the burdens incident to safer transportation should 
be distributed equitably between the shipper and the carrier. 
It was not the intention of the author to advocate any course 
not in harmony with this caution. This has been the essential 
feature of the policy of the Bureau of Explosives in framing 
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regulations and specifications for submission to the Interstate 
Commerce Commission. To require the packing of several 
hundred pounds of valuable merchandise in a box made of 
armor plate would be only a degree more unreasonable than to 
permit its shipment in a box made of lumber only ¢ in. thick. 

Neglecting wrecks and the occasional destruction of freight 
by the carelessness and indifference of railway employees, it can- 
not be doubted that stern necessity has forced the carriers to 
increase the sev)rity of the average treatment of freight 
incident to transportation. This necessity flows from a keen 
appreciation by the carrier of that responsibility to serve its 
patrons acceptably, which Mr. Dauch emphasizes. If he will 
visit the office of a traffic manager of an association of shippers 
in any large city, he may see on the wall a map with circles 
centering at the city and showing the maximum time that the 
traffic manager considers it reasonable for a carrier to consume 
in receiving, inspecting, billing, certifying, loading, transport- 
ing and delivering freight to its destination. He may note in 
the files of the office innumerable letters to the carriers com- 
plaining bitterly of failures to meet this time schedule. The 
carriers cannot meet the demands of these gentlemen and at 
the same time limit to one or two miles per hour the speed at 
which their cars are coupled. 

Mr. Dauch is known to be one of the largest manufacturers 
of a superior type of the shipping containers frequently referred 
to as “‘substitute packages.” It is the author’s belief that 
containers of his type have a large and permanent field for use- 
fulness. There are natural limits to this field, however, and 
the sooner these limits are specified by some competent author- 
ity, the better it will be for the success of such packages. 

If this Society decides to appoint a committee to cooperate 
with other interested parties in this important work, it is pre- 
dicted with confidence that due consideration will be given to 
all facts that affect an equitable distribution of the burdens 
that must be borne to improve present conditions. The 
author’s recommendation that such a committee be appointed 
ought to be conclusive evidence of his advocacy of such a dis- 
tribution. 


Col. Dunn. 
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SUGGESTIONS AS TO STANDARD SPECIFICATIONS 
TO PROMOTE EFFICIENCY AND SAFETY IN 
EXPLOSIVES USED IN BLASTING. 


By C. P. BEISTLE. 


The necessity for a standard specification for explosives 
varies according to the class of the commercial products offered 
to the consumer of explosives. While a large number of dif- 
ferent kinds of explosives are manufacured, it is evident from 
a superficial observation of the industry that the great bulk of 
commercial blasting explosives used in this country is either 
black blasting powder or dynamite. Black blasting powder 
wherever made is practically uniform in composition and any 
variations in efficiency must be due to variations in the degree 
of intimacy of mixing of the ingredients, or the density of the 
finished powder. 

As is well known, dynamites are made containing varying 
percentages of nitroglycerin, and the strengths of these dynamites 
vary with the nitroglycerin content. As nitroglycerin is a 
definite chemical compound, and most of the other ingredients 
are in common use by the different manufacturers, the relative 
efficiency of different dynamites can be determined approx- 
imately by a chemical analysis of the explosives. 

Aside from the above-mentioned classes of explosives, there 
is a smaller production of material utterly different in com- 
position, and a constant exploiting of new explosives of the most 
varying types. In considering these explosives a standard 
specification is desirable to learn their relative strength, efficiency 
and safety, as compared with the older and better known 
explosives. 


EFFICIENCY. 


While explosives depend for their value on the strength 
and quickness of the explosion, their efficiency does not nec- 
essarily vary directly with these qualities. In considering 
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efficiency of an explosive, the conditions under which it is to be 
used are of the utmost importance, as the most diverse qualities 
are required in different applications. 

The principal element in the efficiency of an explosive is 
the effective strength. According to a recent paper by A. M. 
Comey and F. B. Holmes,! this is best determined by the use 
of the Ballistic mortar. ‘The mortar described by them is a 
steel mortar weighing about 450 lb. with a bore 47 in. in diameter 
and 5 in. deep; and a chamber behind 2 in. in diameter and 4 in. 
deep. A cylindrical shot fits the mortar closely. Ten grams of 
the explosive are used in this test, the charge being exploded 
with a blasting cap. The mortar is suspended as a pendulum 
and the angular deflection caused by the recoil is accurately 
measured. This amount of the recoil is compared with that 
produced by an equal weight of a standard explosive, such as a 
40-per-cent dynamite. The results obtained by this test are 
accurate, and not affected by the rate of detonation. 

The rate of detonation, while generally of less interest than 
the strength, is of great importance for certain uses. The 
method of Bichel is commonly used for this purpose. In this 
method a metal tube 14 in. in diameter is filled with cartridges 
of the explosive placed end to end. ‘The tube is used in dif- 
ferent lengths at different testing stations. A blasting cap is 
placed in one end of the tube, and electric wires through each 
end. The interval of time between the breaking of these two 
wires is a measure of the rate of detonation and is readily 
registered and measured on a standard chronograph. Some 
explosives will not communicate a detonation through a line 
of cartridges 1} in. in diameter, and their rate of detonation 
must be tested with a 13-in. cartridge placed in a 2-in. metal 
tube. 

Explosives that require the use of 1-in. cartridges to prop- 
agate an explosion are naturally less efficient for many purposes, 
owing to the greater costs of drilling and general liability to 
miss fire. 

Certainty of detonation is of obvious importance to the 
efficiency of any explosive. As suggested above, for most uses 


1 Original Communications, Eighth International Congress of Applied Chemistry. 
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an explosive should be capable of propagating an explosion 
through a line of 1}-in. cartridges. It is also desirable for prac- 
tical purposes that an explosive should be of such nature that 
the addition of small amounts of moisture will not render it 
incapable of detonation, nor that changes of density, such as 
may occur in tamping an explosive, will cause similar effects. 

To test the effects of moisture, the explosive may be 
intimately mixed with varying proportions of water, 1, 2, 3, 
and 5 per cent respectively, then placed in cartridges, and 
action observed when a blasting cap is exploded in the cartridge. 

Certain explosives when strongly compressed become so 
much less sensitive to detonation that the ordinary blasting 
cap does not explode them. It is suggested, therefore, that 
explosives be tested as to liability to detonation when under 
varying degrees of pressure. 

The density of an explosive is of interest, as this element 
determines the weight of explosive that can be introduced into 
a certain drill hole. The apparent spec‘fic gravity, or the 
gravimetric density of the cartridge of explosive, is the value 
to be determined. The method used by the Bureau of Mines 
for determining this apparent specific gravity is to determine 
the volume of the cartridge by the use of dry sand. 

Resistance to moisture is of greater or less importance 
according to the use to which the material is to be put, and the 
climate in which it must be used and stored. Ammonia dyna- 
mites are largely used in this country, in spite of the fact that 
they readily absorb moisture, and suffer consequent deteriora- 
tion. It is suggested that the cartridges of explosive be exposed 
to a saturated atmosphere at a temperature of 95° F. for two 
months and the gain in weight of the cartridges be noted. In 
giving consideration to this point, due weight must be given 
not only to the amount of moisture absorbed, but to the effects 
of this moisture on the explosive qualities. 

The cost of an explosive must be considered in determin- 
ing the commercial efficiency. This cost should be the cost 
per pound of the material at the point of application. In this 
cost should be figured the cost of the detonators or blasting 
caps required for its use. 
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SAFETY. 


The risks in the transportation and use of explosives are 
those due to the possibility of accidental explosion from various 
causes. These hazards may be due to external causes, such as 
impact, friction, detonation, fire, or heat; or to internal causes, 
such as exudation of nitrogylcerin or other explosive ingredient, 
or chemical instability. 

The sensitiveness to impact is determined by subjecting 
small portions of the explosive to the impact of a falling weight. 
Various apparatus are used for this purpose, and although the 
apparatus is usually simple the results are often subject to 
great fluctuations. The apparatus used by the Bureau of 
Explosives for the purpose, consists of a small steel die with a 
hole drilled through it exactly 0.2 in. in diameter; a disk of the 
explosive 0.02 in. thick is held between two hardened steel 
cylinders fitting closely into the die and receiving the impact 
of an 8-lb. weight through a hardened steel piston. The weight 
is dropped various heights and the least drop causing the 
explosion of the material under test is noted. 

To obtain concordant results on this or any other impact 
test it is requisite that a uniform degree of hardness of the 
working parts be obtained; that the faces of the two surfaces 
of the impact apparatus be parallel and in uniform condition of 
smoothness; and that the moisture content of the explosive be 
uniform. Owing to the above mentioned chances of variation 
the results of different apparatus or laboratories are not readily 
comparable with each other. 

The methods of determining sensitiveness to friction are 
not commonly as satisfactory as the impact tests. The method 
used by the Bureau of Explosives is the same as the impact 
test, except that the sample of explosive is confined between a 
hardened steel plunger and a disk of emery paper. ‘The test 
made in this way introduces an element of impact together with 
the friction. The Bureau of Mines has devised a test which 
subjects the explosive to friction without impact. The apparatus 
consists of a heavy iron pendulum, about 10 ft. long, swung 
from a suitable frame; so that a shoe on the lower extremity of 
the pendulum comes exactly tangent to a horizontal metal 
plate at the lowest point of its swing. The explosive to be 
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tested is spread on the horizontal plate where it is subject to 
the friction of the shoe on the swinging pendulum. The practical 
value of the results obtained by the apparatus is limited, owing 
to the fact that sensitiveness to friction varies according to the 
nature of the friction surfaces; also, in the practical handling 
of explosives impact and friction are liable to act at one and 
the same time and between the most diverse surfaces. For 
example, nitroglycerin explosives are not liable to explosion by 
friction of wood on wood, while certain chlorate explosives may 
be ignited or exploded by such friction. 

The sensitiveness to impact and friction as directly deter- 
mined by apparatus do not of themselves show the degree of 
safety of an explosive. An important point also to be con- 
sidered at the same time is the ease of communication of the 
explosion to that portion of the explosive adjoining the point 
subject to friction or impact, as the explosion of only that 
portion under impact is of itself trivial unless extending through- 
out the mass. The sensitiveness to detonation is measured by 
placing cartridges end to end either suspended in the air or 
laid on the ground and noting to the maximum distance at 
which the detonation of one will cause the detonation of the 
other. In subjecting various explosives to this test a standard 
size cartridge must be employed. 

The ease of ignition of an explosive depends to a large 
degree on its physical condition, rather than on the exact tem- 
perature of ignition. For example, black powder which has a 
temperature of ignition of approximately 280° C. is more liable 
to accidental ignition by flame or spark than is dynamite with 
an ignition temperature of 170° C. This is due to the fact 
that the black powder is a hard dry powder and liable to be in a 
very finely divided condition, while the dynamite is a plastic 
mass of coarse texture. More important than the relative ease 
of ignition is the effect of applying external ignition. This may 
be a deflagration accompanied by intense flame, a detonation, 
or merely a slow combustion, while the external flame is applied, 
and which ceases on the withdrawal of the external source of 
flame or heat. These different actions under fire or heat are 
characteristic of different types of explosive. From the stand- 
point of safety there is little preference between the explosives 
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that deflagrate and those that detonate when exposed to fire. 
Those that only burn slowly are of course the safest. It should 
be mentioned, however, that there is measure of uncertainty 
as to the action of burning explosives and some very destructive 
and fatal accidents have taken place with supposedly “safe” 
explosives; such accidents sometimes resulting from the lack 
of precautions owing to the supposed immunity from risk. 

The internal sources of risk in an explosive are exudation 
(where the explosive contains a liquid explosive ingredient) 
and instability. 

Exudation may take place owing to use of insufficient or 
improper absorbent in the explosive, or through deterioration 
of the explosive, by absorption of moisture, in storage or else- 
where. It is the object of exudation tests to determine if the 
liquid ingredient is liable to separate under service conditions 
of transportation and storage. Two tests have been found of 
value for this purpose: 

1. The cartridge of explosive is placed in a vertical position 
in an oven heated to a constant temperature of 40° C. for six 
days, and any dripping from the cartridge is noted. 

2. Ten grams of the explosive are placed on a perforated 
fiber disk in a glass tube having a cross section of 1 sq.in. This 
tube is placed in a centrifuge so that the disk is at a distance of 
7 in. from the center. The centrifuge is revolved at a rate of 
600 revolutions per minute for one minute and the amount 
of exudation is determined by the loss of weight of the dynamite. 

It has been found that dynamites showing leakage on the 
40° C. test generally show a loss of 3 per cent or more on the 
centrifugal test; to allow a reasonable margin of safety all 
dynamites when first made should show a centrifugal test of 
1.5 per cent or less. Owing to differences in the absorptive 
qualities of the wood pulp and other absorbents used, and also 
to the variations in the viscosity of the nitroglycerin on account 
of the addition of other compounds for the purpose of lowering 
the freezing point, it is impracticable to specify the amount of 
absorbent for a given grade of dynamite. 

The stability of explosives is that property which enables 
them to resist decomposition or deterioration under the con- 
ditions of storage. Instability is a very serious fault, as it not 
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only impairs efficiency but is liable to cause spontaneous ignition 
or explosion. The possibilities of instability and the cause and 
nature of the decomposition occurring where instability is pos- 
sible, vary according to the composition of the explosive. With 
black powder no instability is possible and the only deteriora- 
tion liable to occur is from moisture. Explosives containing 
nitroglycerin are liable to instability if the nitroglycerin is not 
thoroughly purified; but owing to the ease of purifying and 
the general use of the well-known methods of purification, the 
actual risk from the instability of nitroglycerin explosives is 
considered negligible. The purification of nitrocellulose and 
nitrostarch is more difficult, and hence there is greater need of 
stability tests on such materials. With chlorate explosives, 
even with pure ingredients, there are certain combinations 
that are inherently unstable and hence chlorate explosives 
require a stability test. The most widely used and one of the 
oldest is the Abel test or potassium iodide starch test. In this 
test a piece of paper impregnated with a uniform amount of 
potassium iodide and starch is moistened with a mixture of 
glycerin and water and placed in a corked test tube with a 
weighed quantity of the explosive; the tube is then partially 
immersed in a water bath at 65° or 71° C., and the time required 
for the appearance of a brown line on the test paper is noted. 

This test is simple and has been applied to almost all classes 
of explosives, but in many instances there is no relation between 
the test and the actual stability of the material being tested. 
For nitrostarch explosives it has been found entirely unreliable, 
and such explosives are now tested by the Bureau of Explosives, 
and by the manufacturers, by subjecting small samples, approx- 
imately 0.5 gram, to a temperature of 100° C. for 24 hours 
and determining the loss of weight. The accurately weighed 
sample is placed in an unstoppered glass test tube 3 by 
% in. Explosives that ignite in this test in less than 24 
hours are considered deficient in stability. In testing chlorate 
explosives it has been the practice in the Bureau of Explosives 
laboratory to place a sample of the explosive moistened with 
distilled water in an oven heated to 100° C. for 48 hours and 
observe the results as to production of ignition; or if no ignition 
is produced, to note the production of acidity and reduction of 
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the chlorate to chlorides. A chlorate powder under this test 
should not ignite nor become strongly acid, or undergo much 
reduction to chloride. It has been found as a result of these 
tests that mixtures of sulphur and chlorates, or mixtures of 
ammonium salts and chlorates are unstable. 

Owing to the lack of uniformity of methods of stability 
tests, an “‘International Commission for the Unification of the 
Testing Methods on the Stability of Explosives” has recom- 
mended the following test for all types of explosives: 

“Two samples (10 grams each) of non-desiccated explo- 
sives are put into a glass capsule fitted with a cover (that cover 
being simply put over the capsule) and having a diameter of 
35 mm. and a height of 50 mm. The samples are then put into 
a stove heated to 75° C., where they remain for 48 hours. No 
decomposure nor notable modification in aspect or smell must 
have to take place. The azotized explosives must let out no 
rutilant vapors.” 

Whether the above method will be adequate to determine 
the stability of all the explosives used in this country can not 
be definitely stated without investigation, as so far as known it 
has not been used to any extent here. 
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— of Havre de Grace Bridge. Report of Sub-Committee B of Com- 
mittee D-1, 332. 
Iron. 
Heat Treatment of — and Steel. Report of Committee A-4, 188. 
Oxygen in — and Steel: Value of Existing Methods for Its Determination. 
W.R. Fleming, 477. Discussion, 487. 
Standard Specifications for Wrought —. Report of Committee A-2, 183. 
Standard Specifications for Wrought- — Plates, 185. 


L 


‘Lake Copper. 


See Copper. 
Lead. 
—-Tin-Antimony and Tin-Antimony-Copper Alloys. William Campbell, 
630. Discussion, 666. 
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Lime. 
Proposed Standard Specifications for —, 315. 
Standard Specifications for —. Report of Committee C-7, 313. Dis- 
cussion, 320. 
Linseed Oil. 


—. Report of Sub-Committee E of Committee D-1, 372. 
Standard Specifications for the Purity of Raw — from North American 
Seed, 399. 
M 
Machines. 
See Testing Machines. 
Magnetic Criteria. 
— of the Mechanical Properties of a One-per-cent-carbon Steel. Charles 
W. Burrows, 570. 
Mass. 
Influence of — in the Heat Treatment of Steel. K. W. Zimmerschied, 
510. Discussion, 525. 
Mechanical Properties (see also Physical Properties, Tensile Properties). 
Magnetic Criteria of the — of a One-per-cent-carbon Steel. Charles 
W. Burrows, 570. 
Mechanical Tests. 
See Tests. 
Metals. 
Notes on the Property of Toughness of —. Albert F. Shore, 612. 
Study of Bearing — and Methods of Testing. T. D. Lynch, 699. Dis- 
cussion, 712. 
Tests on the Rate of Corrosion of —. A. W. Carpenter, 617. Discus- 
cussion, 625. 
Methods of Testing (see also Testing, Tests). 
Method and Apparatus for Determining Consistency. Cloyd M. Chap- 
man, 1045. Discussion, 1052. 
Standard —. Report of Committee E-1, 469. 
Study of Bearing Metals and —. T. D. Lynch, 699. Discussion, 712. 
Mortars. 
Action of Various Substances on Cement —. Richard K. Meade, 813. 
Discussion, 821. 
Tests of — Made from Wisconsin Aggregates. M.O. Withey, 834. 


N 
Non-Ferrous Metals (see also Antimony, Copper, Lead, Tin, Zinc). 
— and Alloys. Report of Committee B-2, 206. 


Oil. 


Detail Results of Tests of Soya Bean Oils and Tung Oils. Appendix 
I, Report of Sub-Committee C of Committee D-1, 355. 
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Oil (Continued) : 
Linseed —. Report of Sub-Committee E of Committee D-1, 372. 
Standard Specifications for the Purity of Raw Linseed — from North 
American Seed, 399. 
Testing of Chinese Wood —. E. W. Boughton, 923. Discussion, 942. 
Open-hearth. 
Tentative Specifications for Cold-Drawn Steel: —Automatic Screw Stock, 
193. 
Oxygen. 
— in Iron and Steel: Value of Existing Methods for Its Determination. 
W.R. Fleming, 477. Discussion, 487. 


P 
Paint (see also Preservative Coatings). 
Atlantic City Steel — Tests. Report of Sub-Committee D of Committee 
D-1, 369. 
Outline of a Test for Indicating the Relative Priming and Top-Coat 
Values of Different Paints. M. McNaughton, 947. Discussion, 954. 
— Vehicles. Report of Sub-Committee C of Committee D-1, 350. 
Proposed Standard Definitions of Terms Used in — Specifications, 403. 
Testing of White Paints. Report of Sub-Committee J of Committee 
D-1, 406. 
Papers. 
—. Report of Committee E-6, 472. 
Regulations Governing —, Committee Reports and Discussions. Ap- 
pendix, Report of Committee E-6, 474. 
Particles. 
Estimation of Fine — in Cement by Rate of Hydration. H. S. Spack- 
man, 714. Discussion, 737. 
Paving Brick. 
See Brick. 
Paving Mixtures (see also Asphalt). 
Extractor for Bituminous—. C. N. Forrest, 1069. 
Physical Properties (see also Mechanical Properties, Tensile Properties). 
Effect of Size of Section on — Developed by Heat Treatment. J. H. 
Nead, 489. Discussion, 525. 
Pipes. 
Standard Specifications and Tests for Clay and Cement Sewer —. Re- 
port of Committee C-4, 302. 
Plates. 
Standard Specifications for Wrought-Iron —, 185. 
Portland Cement. 
See Cement. 
Preservative Coatings (see also Paint). 
— for Structural Materials. Report of Committee D-1, 329. 
President’s Address. 
See Address. 
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Priming Values of Paints. 
Outline of a Test for Indicating the Relative Priming and Top-Coat 
Values of Different Paints. M. McNaughton, 947. Discussion, 954. 
Proposed Specifications. 
See Specifications. 


R 
Rails. 
Condensed Report of the Investigation of Reinforcing Bars Reroll 
from Steel —, conducted under Instructions from Sub-Committee V, 


on Steel Reinforcing Bars, of Committee A-1, W. K. Hatt. Appen- 
dix II, Report of Committee A-1, 96. 
Rail Failures and Their Causes. M. H. Wickhorst, 582. Discussion, 
594, 
Standard Specifications for Rail-Steel Concrete Reinforcement Bars, 
153. 
Recommended Practice. 
See Specifications. 
Refractories. 
Testing of —. A. V. Bleininger, 967. 
Regulations. 
— Governing Papers, Committee Reports and Discussions. Appendix, 
Report of Committee E-6, 474. 
— Governing the Form but not the Substance of Specifications. Report 
of Committee E-5, 470. 
Reinforced Concrete. 
See Concrete. 
Reinforcement Bars. 
Condensed Report of the Investigation of Reinforcing Bars Rerolled from 
Steel Rails, conducted under Instructions from Sub-Committee V, on 
Steel Reinforcing Bars, of Committee A-1,W. K. Hatt. Appendix II, 
Report of Committee A-1, 96. 
Standard Specifications for Rail-Steel Concrete —, 153. 
Resistance to Wear. 
Resistance of Steels to Wear in Relation to Their Hardness and Tensile 
Properties. George L. Norris, 562. Discussion, 568. 
Rivet Steel. 
Standard Specifications for — for Ships, 148. 
Road Materials (see also Paving Mixtures). 
Relation between the Tests for the Wearing Qualities of Road-Building 
Rocks. L. W. Page, 983. Discussion, 993. 
Standard Tests for—. Report of Committee D-4, 448. Discussion, 454. 
Rocks. 
Relation between the Tests for the Wearing Qualities of Road-Building 
—. L. W. Page, 983. Discussion, 993. 
Rolled Wheels. 


See Wheels. 
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Rubber. 
Standard Specifications for — Products. Report of Committee D-11, 
466. 
Sand. 


Observations on the Testing of —. W.B. Reinke, 797. Discussion, 807. 
Screen-Scale Sieves. 
— Made to a Fixed Ratio. G. A. Disbro, 1053. 
Screw Stock. 
Tentative Specifications for Cold-Drawn Steel: Bessemer Automatic 
—, 191. 
Tentative Specifications for Cold-Drawn Steel: Open-hearth Auto- 
matic —, 193. 
Section. 
See Size of Section. 
Setting of Cement. 
Thermal Activities of Portland Cement during the Period of Setting. 
Louis N. Beals, Jr., 720. Discussion, 737. 
Sewer Pipes. 
Standard Specifications and Tests for Clay and Cement —. Report of 
Committee C-4, 302. 
Shipping Containers. 
See Containers. 
Ships. 
Standard Specifications for Rivet Steel for —, 148. 
Standard Specifications for Structural Steel for —, 143. 
Sieves. 
Screen-Scale — Made to a Fixed Ratio. G. A. Disbro, 1053. 
Size of Section. 
Effect of — on Physical Properties Developed by Heat Treatment. 
J. H. Nead, 489. Discussion, 525. 
Slabs. 
Standard Specifications for Blooms, Billets and — for Carbon-Steel 
Forgings, 166. 
Standard Specifications for Electrolytic Copper Wire Bars, Cakes, —, 
Billets, Ingots and Ingot Bars, 218. . 
Standard Specifications for Lake Copper Wire Bars, Cakes, —, Billets, 
Ingots and Ingot Bars, 214. 
Tests of Reinforced Concrete — under Concentrated Loading. A. T. 
Goldbeck, 858. Discussion, 874. 
Soya Bean Oils. 
Detail Results of Tests of — and Tung Oils. Appendix I, Report of 
Sub-Committee C of Committee D-1, 355. 
Specifications. 
Proposed Changes in Present Standard — for Steel. Appendix I, Re- 
port of Committee A-1, 67. 
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Specifications (Continued): 
Proposed Recommended Practice for the Heat Treatment of Case- 
Hardened Carbon-Steel Objects, 188. 
Proposed Standard Definitions of Terms Used in Paint —, 403. 
Proposed Standard — for Building Brick, 286. 
Proposed Standard — for Lime, 315. 
Proposed Standard — for Paving Brick, 289. 
— for Turpentine. Appendix II, Report of Sub-Committee C of Com- 
mittee D-1, 365. 
Standard — for Blooms, Billets and Slabs for Carbon-Steel Forgings, 166. 
Standard — for Cold-Rolled Steel Axles, 156. 
Standard — for Electrolytic Copper Wire Bars, Cakes, Slabs, Billets, 
Ingots and Ingot Bars, 218. 
Standard — for Extra-High-Carbon Steel Splice Bars, 139. 
Standard — for High-Carbon Steel Splice Bars, 135. 
Standard — for Lake Copper Wire Bars, Cakes, Slabs, Billets, Ingots and 
Ingot Bars, 214. 
Standard — for Medium-Carbon Steel Splice Bars, i31. 
Standard — for Rail-Steel Concrete Reinforcement Bars, 153. 
Standard — for Rivet Steel for Ships, 148. 
Standard — for Structural Steel for Ships, 143. 
Standard — for the Purity of Raw Linseed Oil from North American 
Seed, 399. 
Standard — for Wrought-Iron Plates, 185. 
Standard — for Wrought Solid Carbon-Steel Wheels for Electric Rail- 
way Service, 160. 
Suggestions as to Standard — to Promote Efficiency and Safety in 
Explosives Used in Blasting. C. P. Beistle, 1108. 
Tentative — for Cold-Drawn Steel: Bessemer Automatic Screw Stock, 
191. 
Tentative — for Cold-Drawn Steel: Open-hearth Automatic Screw 
Stock, 193. 
The Application of —. Annual Address by the President, Robert W. 
Hunt, 32. 
Spelter. 
Strength of Cast Zinc or —. Gilbert Rigg and G. M. Williams, 669. 
Discussion, 698. 
Spherical Bearings. 
—. Mont Schuyler, 1004. 
Splice Bars. 
Standard Specifications for Extra-High-Carbon Steel —, 139. 
Standard Specifications for High-Carbon Steel —, 135. 
Standard Specifications for Medium-Carbon Steel —, 131. 
Spring Steel. 
See Steel. 
Standard Specifications. 
See Specifications. 
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Steel. 


Atlantic City — Paint Tests. Report of Sub-Committee D of Committee 
D-1, 369. 

Condensed Report of the Investigation of Reinforcing Bars Rerolled 
from — Rails, conducted under Instructions from Sub-Committee V, 
on — Reinforcing Bars, of Committee A-1, W. K. Hatt. Appendix 
II, Report of Committee A-1, 96. 

Heat Treatment of Hypo-Eutectoid Carbon- — Castings. J. H. Hall, 
514. Discussion, 525. 

Heat Treatment of Iron and —. Report of Committee A-4, 188. 

Influence of Mass in the Heat Treatment of —. K. W. Zimmerschied, 
510. Discussion, 525. 

Magnetic Criteria of the Physical Properties of a One-per-cent-carbon 
—. Charles W. Burrows, 570. 

Mechanical Tests of Heat-Treated Spring —. R. P. Devries, 550. 
Discussion, 561. 

Oxygen in Iron and —: Value of Existing Methods for Its Determina- 
tion. W.R. Fleming, 477. Discussion, 487. 

Proposed Changes in Present Standard Specifications for —. Appendix 
I, Report of Committee A-1, 67. 

Proposed Recommended Practice for the Heat Treatment of Case- 
Hardened Carbon- — Objects, 188. 

Report on the Investigation of Wrought — Wheels, conducted under 
the Direction of Sub-Committee VII, on Rolled — Wheels and — 
Tires, of Committee A-1. Appendix III, Report of Committee A-1, 

126. 

Resistance of Steels to Wear in Relation to Their Hardness and Tensile 
Properties. George L. Norris, 562. Discussion, 568. 

Standard Specifications for Blooms, Billets and Slabs for Carbon- — 
Forgings, 166. 

Standard Specifications for Cold-Drawn —. Report of Committee A-8, 
190. Discussion, 195. 

Standard Specifications for Cold-Rolled — Axles, 156. 

Standard Specifications for Extra-High-Carbon — Splice Bars, 139. 

Standard Specifications for High-Carbon — Splice Bars, 135. 

Standard Specifications for Medium-Carbon — Splice Bars, 131. 

Standard Specifications for Rail- — Concrete Reinforcement Bars, 153. 

Standard Specifications for Rivet — for Ships, 148. 

Standard Specifications for —. Report of Committee A-1, 58. Discus- 
sion, 169. 

Standard Specifications for Structural — for Ships, 143. 

Standard Specifications for Wrought Solid Carbon- — Wheels for Electric 
Railway Service, 160. 

Tentative Specifications for Cold-Drawn — : Bessemer Automatic Screw 
Stock, 191. 

Tentative Specifications for Cold-Drawn — : Open-hearth Automatic 

Screw Stock, 193. 
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Strain Gage. 
Use of the — in the Testing of Materials. W. A. Slater and H. F. Moore, 
1019. Discussion, 1039. 
Structural Materials. 
Preservative Coatings for —. Report of Committee D-1, 329. 
Structural Steel. 
Standard Specifications for — for Ships, 143. 
Summary of the Proceedings. 
— of the Sixteenth Annual Meeting, 9. 


Tensile Properties (see also Mechanical Properties, Physical Properties). 
Resistance of Steels to Wear in Relation to Their Hardness and —. 
George L. Norris, 562. Discussion, 568. 
Tentative Specifications. 
See Specifications. 
Terms. 
Definition of — Used in Specifications. Report of Sub-Committee F of 
Committee D-1, 402. 
Proposed Standard Definitions of — Used in Paint Specifications, 403. 
Testing (see also Methods of Testing, Tests). 
Observations on the — of Sand. W.B. Reinke, 797. Discussion, 807. 
Standard Methods of —. Report of Committee E-1, 469. 
Study of Bearing Metals and Methods of —. T.D. Lynch, 699. Dis- 
cussion, 712. 
— of Chinese Wood Oil. E. W. Boughton, 923. Discussion, 942. 
— of Refractories. A. V. Bleininger, 967. 
— of White Paints. Report of Sub-Committee J of Committee D-1, 
406. 
Use of the Strain Gage in the — of Materials. W.A. Slater and H. F. 
Moore, 1019. Discussion, 1039. 
Testing Machines (see also Apparatus, Extractor, Sieves). 
Large-Capacity — in United States and England. E. L. Lasier, 996. 
Tests (see also Methods of Testing, Testing). 
Atlantic City Steel Paint —. Report of Sub-Committee D of Committee 
D-1, 369. 
Detail Results of — of Soya Bean Oils and Tung Oils. Appendix I, Re- 
port of Sub-Committee C of Committee D-1, 355. 
Hardness —. Report of Committee A-10, 196. F 
Mechanical — of Heat-Treated Spring Steel. R.P. Devries, 550. Dis- 
cussion, 561. 
Outline of a Test for Indicating the Relative Priming and Top-Coat 
Values of Different Paints. M. McNaughton, 947. Discussions, 954. 
Relation between the — for the Wearing Qualities of Road-Building 
Rocks. L. W. Page, 983. Discussion, 993. 
Results Obtained with the Autoclave — for Cement. H. J. Force, 740. 
Discussion, 751. 
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Tests (Continued): 
Results of — of Welded Boiler Tubes. E. L. Lasier, 606. 
Standard Specifications and — for Clay and Cement Sewer Pipes. Re- 
port of Committee C-4, 302. 
Standard — and Specifications for Drain Tile. Report of Committee C-6, 
303. 
Standard — for Road Materials. Report of Committee D-4, 448. Dis- 
cussion, 454. 
Test of a 40-foot Reinforced Concrete Highway Bridge. D. A. Abrams, 
884. . 
— of Mortars Made from Wisconsin Aggregates. M. O. Withey, 834. 
— of Natural Concrete Aggregates. R.S. Greenman, 828. 
— of Reinforced Concrete Slabs under Concentrated Loading. A. T. 
Goldbeck, 858. Discussion, 874. 
—on the Rate of Corrosion of Metals. A. W. Carpenter, 617. Dis- 
cussion, 625. 
Thermal Activities. 
— of Portland Cement during the Period of Setting. Louis N. Beals, Jr., 
720. Discussion, 737. 
Tile. 
Standard Tests and Specifications for Drain —. Report of Committee 
C-6, 303. 
Tin. 
Lead- — -Antimony and — -Antimony-Copper Alloys. William Camp- 
bell, 630. Discussion, 666. 
Top-Coat Values of Paints. 
Outline of a Test for Indicating the Relative Priming and Top-Coat 
Values of Different Paints. M. McNaughton, 947. Discussion, 954. 
Toughness. 
Notes on the Property of — of Metals. Albert F. Shore, 612. 
Tubes. 
Results of Tests of Welded Boiler —. E. L. Lasier, 606. 
Tung Oils. 
Detail Results of Tests of Soya Bean Oils and —. Appendix I, 
Report of Sub-Committee C of Committee D-1, 355. 
Turpentine. 
Specifications for —. Appendix II, Report of Sub-Committee C of 
Committee D-1, 365. 


Vehicles. 
Paint —. Report of Sub-Committee C of Committee D-1, 350. 
Ww 
Waterproofing. 
Coal-Tar and Asphalt Productsfor—. S.T. Wagner, 955. Discussion, 
959. 


— Materials. Report of Committee D-8, 459. 
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Wear. 
Resistance of Steels to — in Relation to Their Hardness and Tensile 
Properties. George L. Norris, 562. Discussion, 568. 
Wearing Qualities. 
Relation between the Tests for the — of Road-Building Rocks. L. W. 
Page, 983. Discussion, 993. 
Welded Boiler Tubes. 
See Boiler Tubes. 
Wheels. 
Report of the Investigation of Wrought Steel —, conducted under the 
Direction of Sub-Committee VII, on Rolled Steel — and Steel Tires, 
of Committee A-1. Appendix III, Report of Committee A-1, 126. 
Standard Specifications for Wrought Solid Carbon-Steel — for Electric 
Railway Service, 160. 
White Paints. 
See Paint. 
Wire. 
Standard Specifications for Copper —. Report of Committee B-1, 198. 
Discussion, 205. 
Standard Specifications for Electrolytic Copper — Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars, 218. 
Standard Specifications for Lake Copper — Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars, 214. 
Wisconsin Aggregates. 7 


Tests of Mortars Made from —. M. O. Withey, 834. 
Wood Oil. 

Testing of Chinese —. E. W. Boughton, 923. Discussion, 942, 
Wrought Iron. 

Standard Specifications for —. Report of Committee A-2, 183. 


Standard Specifications for — Plates, 185. 
Wrought Wheels. 
See Wheels. 


z 


Zinc. 
Strength of Cast — or Spelter. Gilbert Rigg and G. M. Williams, 669. 
Discussion, 698. 
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